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PREFACE. 



Although this little Manual is quite elementary in its 
character, my aim has been to make it precise rather 
than popular in its language, and I have therefore 
entered on certain points which will probably present 
some difficulty to the beginner. I trust, however, that a 
reader of intelligence will be able, with a little attention, 
to follow the explanations given, brief though they are. 
In order to avoid circumlocution, I have found it neces- 
sary to introduce a few technics terms, which are ex- 
plained in the text, and of which the reader will do well 
to grasp the meaning thoroughly, as any confusion on 
such points will add greatly to his difficulties afterwards. 

In every case I have taken the numerical data given 
in this little book from the latest original sources, 
putting them into the form which appeared to me to 
give the clearest idea of the relations of the Solar and 
Sidereal Systems. With this object I have avoided, as 
far as possible, the use of large numbers, which simply 
bewilder the imagination; and have ^ideavoured to express 
the proportions of the qitantities involved, choosing the 
unit best adapted to the immediate object in view, and 
omitting all unnecessary figures. It is only by gradual 
steps that man can rise to i^e conception of the distances 
of the stars. 

Some of the questions discussed are still to a certain 
extent open, but they are among the most interesting in 
Astronomy ; and my aim has been not only to give facts 
but also to suggest further enqmry on the p8^ of the 
reader — and though some few results are not altogether 
free from doubt, I trust that he may have but little to 
unlearn when he enters more deeply into the subject. 



I Slackreatb, Mat/^ W!^, 



"W. H.. 'M.* Oiawsyim. 
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ELEMENTAEY ASTEONOMY. 



CHAPTER I. 

Thb most casnal observation suffices to show ns that 
the Snn rises in the east, gets gradually higher till it 
reaches its greatest elevation in the south,* when it 
begins to sink, finally setting in the west only to rise 
again in the east and perform the same round next day* 
If we turn to the stars at night we shall find some- 
thing similar, but on examining more closely it will be 
seen that some of them are longer above the horizon 
than others, and that certain stars never set but remain 
constantly in view* If we watch these latter we shall 
find that there is one star which hardly changes its 
position, keeping constantly at nearly the same height, 
whilst the otiiier stars appear to circulate round it at 
different distances. This star is called the Pole-star, 
for a reason which wiU presently be apparent. Now 
amidst all this diversity of movement there is one 
feature which is common to all, it is that every star 
returns to the same position after the lapse of twenty* 
four hours, and in tiiis interval it will have described a 
circle. This latter fact may be rudely verified as 
follows : — Joint two rods together like a pair of com- 
passes and rest one of them in forks so placed that it 
points to the Pole-star, then if the other rod be 
pointed to any other star it may be made to follow the 
star in its course by simply turning the first rod round 
in its forks, without altering the opening of the joint. 

* The reader ia euppoaed to be in Europe, ot o\;i;i«t i^oT^iScksciv 
oagaAfrg, jpbr Bontbem ooontrieB it will \« isaffisasa^ Vi wtoBJto^a 



APPABEMT MOTIONS OF THE STABS. 5 

The motion will be thns like that of a pair of oompasses^ 
one leg of which is kept in an upright position as it 
tarns. The second leg will, nnder these circnmstances^ 
describe a circle, as may be seen by running the upright 
leg through a sheet of cardboard (or stiff paper) held 
horizontaJly at such a height that the other leg, as it 
sweeps round, just touches it. 

If we look a little more closely we shall fmd that the 
fixed rod will not continue to point exactly to the Pole- 
star all through its course, and that if we direct the rod 
in the forks to a point which is mid-way between the 
highest and lowest and the most easterly and westerly 
positions of the Pole-star, we shall get a point about 
which this star (as well as all others) describes a circle, 
the other leg of our compasses following it exactly 
in its motion by simply turning about the fixed leg.* 
This point is cdled the Pole of the heavens, and tiie 
daily motion of the stars may be represented almost 
exactly by supposing them (as the Ancients did) to be 
fixed in a hollow globe which spins once in twenty-four 
hours round an axis passing through the pole, so that 
the stars would in that time describe circles of different 
sizes, but all having their centres at the pole. But 
though this represents the movements of the stars, such 
a crystal sphere can have no real existence, for we shall 
presently see that the Sun is more than ninety millions 
of miles off, and the nearest of the stars are hundreds 
of thousands of times that tremendous distance from 
us, and a material sphere of that size spinning round 
once a day is of course quite out of the question. 
We are thus led to conclude that the diurnal motions 
of the stars cannot be real, but are only apparent, 
arising from our own movement in an opposite direc- 
tion, just as when we spin rapidly round in one direction, 

* A telescope monnted on one of the legs of onr compasses so 
as to follow any star in its daily motion by simply turning about 
the other leg (which is then called the PoVas iscK^ Sa. Nkccor^ "ksv 
Equatorial. The turning of the aaoa -nvaj^a^^ffiRRJ^^^s^.^^^^^ 
clock-work, and the telescope ^wWV. tYLca coojeasaa \» "^^c^s,^ 
ster for a length of time, dTwing Nrtsacb. Vt. oaao. ^3% ^wiss:? ^1^^ 



Ibd Mlitirdy iabl60, and other objects' in the' 'room all 
W^ypear 'to ttirn round at the esme rate but the opposite 
^y, the part of the ceiling fliractly overhead being the 
only point which appears stationary, just like the pole 
of me heavens. And this gives us some cine as to what 
onr real movement and tlmt of the earth, on which we 
stand, mnst be. The earth mtist be spinning ronnd an 
imaginary axis, pointing nearly in the direction of the 
Pole-star, and carrying ns and all terrestrial objects 
round with it once in twenty-four hours. But if we 
accept this explanation, how will the shape of the earth 
accord with such a motion ? The portion of the earth 
which we can see at any cme time appears a flat (or 
undulating) plain, bounded by a line — ^the horizon — 
where the sky seems to meet it; but wie must not 
hasidly conclude from this that the whole earth is a flat 
plain, for what we see is only a perspective view of a 
• very small portion. If we look out over ati expanse of 
sea (which is free from the irregularities of the land) 
it will be easy to assure ourselves that it is not really a 
plane,* for ships appear to sink lower and lower as 
they move away from us, so that first the hull and then 
the lower sails are cut off by the sea between us and 
the ship, whilst on ascending a cliff the lower sails 
ahd hull again come into sight. This shows that the 
surface of the sea is really curved (convex), for we 
know that objects disappear behind an undulation of 
the ground in exactly tiie same way, and that by 
Mcending a hill they come into view again as soon as 
the visual line from the cibject to our eye clears the 
top of the swell in the ^ound. 

• There is another circumstance which now helps us 
tttaterially in finding the shape of the earth. Wherever 
^e are, whether on the top of a mountain or on board 
ashipatBea. the portion of the earth which we can 

* A plane is a flat surf ode, like an extremely thin sheet of paper, 
or the Burtaoe of a tahle^ hot of unlimited extent. T\»)a \]ba ^\»si<& 
of a drcle is the Sat Bmalbe in which the ciiol^ Ues, \KmiL<S\«iR^ Vxi 
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seet idways appears a oirele; thotigh when we are at a 
cdtisiderable l^ht, this circle, seems mnch smaller, 
whilst we really see a larger portion of the earth's 
sni&ce. Now the only £gare with which we are aoj 
qnainted which appears drcolar from all points of view 
and at all distances is a globe, and farther, we know 
that this seems to grow smaller as we remove the eye 
&om near its surface, whilst the actual portion of it 
which we see is really larger. This may readily be 
verified by means of a terrestrial globe or a large ball, 
but it must be remembered that in the actual case the 
distance from the earth's sur&ce to which we can get 
would be represented on «n 18-inch globe by about 
the thickness of a sheet of paper. From all this we 
iilfer. that the earth is :a globe^ which rotates about 
an axis nearly in the direction of the Pole-star, and 
this conclusion is supported by what is observed of the 
motions of the stars in other countries. Any one who 
makes a voyage to southern latitudes will observe that 
the pole about which the stars revolve, while keeping 
the same position near the Pole-star, appears to sink 
as he journeys south, in consequence of which those 
stars, which are only just visible in these climes in the 
southern horizon, get higher and higher, and new con- 
stellations come into sight. This goes on till the Pole*- 
stair sinks in the northern horizon, when it is seen that 
there are really two poles about which the heavens 
appear to turn, one on the northern and one on the 
southern horizon; from which it is clear that the 
direction of the axis of motion is in the horizontal plane. 
The point of the earth at which this is the case is said 
to be in the equator, because it is equidistant from the 
two poles of the earth. The celestial equator is a 
great circle,* of which the plane is parallel to the 
earth's equator, and which, therefore, lies half-way 

♦ A great dide of a sphere (ot g^oY^"^ Ta cpaa o\ -wXsidcL'^^^'g^jisssa 
pasaes through the centre ot ttfe wp'hsst^ ^'^^^^'**'^J!r*Sv^S^c 
parts or hemispheree. A. amaH cocVft ^n\^^ ^^ ^^^-^ ^^^ 
unequal parts. 



8 ITS POLES. 

between the poles of the heavens. It is advisable 
here to distingnish clearly between the pole of the 
heavens and the pole of the earth. The former is 
simply the direction of the line about which the stars 
appear to turn, or about which the earth really tnmsy 
wlulst the latter is the extremity of the axis through 
the earth's centre about which it turns, and it has, 
therefore^ a definite position on the earth as well as a 
definite direction in space. As there are two ends to 
a straight line, there are of course two poles, which 
are distinguished as north and south. To return to 
our traveller. After crossing the equator he will find 
that the southern pole (though* it is not distinguished 
by any bright star near it Hke the Pole-star) rises 
higher and higher till it reaches the same height 
above the southern horizon as the north pole had 
originally above the northern, when the traveller has 
traversed the same distance south of the equator as 
he had previousl}' done before reaching it ; and he will 
further have remarked that the north pole sinks, or the 
south pole rises, through an angle of one degree* 
for every seventy miles he travels south. 

All this is exactly what we should expect if the earth 
be a globe spinning about an axis, for in this case this 
axis, being in the direction of the pole of the heavens, 
would remain fixed among the stars, whilst the horizon 
(which is the direction of the surface where the spec- 
tator is) would change as the observer moved, so that 
instead of the Pole-star approaching the horizon, it is 
really the horizon which approaches the direction of the 
Pole-star. At the equator the Pole-star will be in the 
horizon, and will rise one degree for every 70 miles we 
travel north (owing to the tiltmg of the horizon), 
until at the pole, afber having travelled over 6,200 
miles, it would be 90® high, or in the zenith, f Hence 

* A right angle, which is the angle of a aqnare or that formed by 
two pezpepdicmar lioes^ \b divided into ninety e(\\ial '^axtA, ^«Ufid 
degrees, ninety degrees being usually written tiin&— W. 
/ The point directly overhead. 
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the circninferenoe of the earth, which is fonr times the 
distance from the equator to either pole, is 25,000 
miles about, and the diameter 7,900 miles, the circum- 
ference of a circle being about Sj- times its diameter 
(more exactly 8*1416). Strictly speaking the earth is 
not a perfect globe, but more like an orange, bul^ 
out slightly at the equator, a result of its spinning 
round so rapidly, which tends to throw the particles at 
the equator off, like water from a mop. The amount of 
this bulging is however very small, being only 18^ miles. 
As a point on the earth's equator moves round in a circle 
of the above size in one day, it must be moving at the 
rate of over 1,000 miles an hour, or 1,500 feet a second, 
which is more than the speed of a cannon ball. This 
motion is so smooth, however, that we feel nothing of 
it, as all the objects round us on the earth (including 
the atmosphere) move together with ourselves. But li 
it were not for the attraction of the vast mass of the 
earth, which pulls all bodies towards its centre (making 
a stone thrown up in the air fall back to the surface)^ 
we should fly off just as a stone whirled round in a 
sling does wLn.th'e pull of the string is let go. It 
may seem very difficult to believe that we can really be 
moving at such an enormous speed, but unless we 
admit this motion we must suppose the stars to be 
«wung round us with a velocity many million times 
greater; and, besides this, there is direct proof that 
the earth is moving in the way we have explained. 
This is given by the gyroscope, which is nothing but a 
top with a heavy disc, suspended in gymbals, so that 
it is free to turn in any direction. When this is set 
spinning rapidly, it requires great force to twist it out 
of its direction, as any one may readily experience with 
the ordinary toy gyroscopes. If left to itself, then, we 
know that its axis will continue to point in the same 
direction, and as it appears to follow a star, to which 
it is once pointed, in its daily course fccstcL ^^ca% \si 
setting, we may conclude thai \3[ift «X«t \% t^'^Ssjj "sas^^ 
itnd the motion whicli it api^e«i« V> Vw?^ ^». «tRpBs«^^ 
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with the gyroscope is really causod by ihe spiimiiig of 
thft earth about its axis once in every twenty-four hours. 
Froin what precedes, we see that the elevation of the 
pole measures the distance of the observer from . the 
equator, and this is called the latitude of the place, 
north or south, as the north or south pole of the 
heavens is elevated. This latitude is measured in 
degrees, the distance from either pole to the equator 
being ninety degrees, or, in other words^ the latitude 
of the pole is 90*^. The equator, being thia line formed 
by all points which are equidistant from the two poles, 
will be a circle, and, further, all places which have the 
same latitude, being at the same distance from the pole, 
will lie on a circle parallel to the equator ; this is called 
a circle of latitude. Thus when we say that a place 
has a certain latitude, we fix its position so far as to 
settle that it lies somewhere on a certain circle, which 
is determined by measuring the elevation of the pole. 
This is readily done ; for the pole lie^ midway be- 
tween the highest and lowest positions of the Pole-star, 
being at the centre of the circle which this star de- 
scribes, and it is only necessary to measure the an- 
gular elevations above the horizon of this star at its 
highest and lowest points by means of a divided circle. 
The same method would answer equally well if appHed 
to. any other star tolerably near the pole. But to fix 
the position of any place on the globe it is necessary to 
know whereabouts on the circle of latitude it Hes, and 
this is practically a more difficult matter, and one that 
requires for its determination, astronomically, the in- 
troduction of a new element-— tipe. For the mea- 
Burement of time uniform motion is required, and 
this condition is secured more or less perfectly in the 
motion of the hands of a clock under tiie control of a 
pendulum, or of a watch or chronometer regulated by 
the balance and its spring ; but the rotation of the 
earth supplies us with the only perfect timekeeper with 
frluoli we are acquainted^ and the apparent TDio^^meii^t 
<f/'il208tar3 reBvdtiDgtrom it, really Bervea V> xe^^a.^^ 
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ali odff tlooks and watched. In faict the heaVenS may, 
foi^'thia ^nrpdee, be ciompared to one of those lamp 
elbcks in which the globe tarns round and brings the 
hoars painted on it np to an index. The stars re* 
present the hoars and minoite^, thoogh not placed at 
regalar intervals : bat where are we to find the index 
which is to tell us llie time ? We most look for thid 
in the movements of the stars themselves. We saw 
that they describe circles about the pole, so that 
their paths are tilted with reference to the horizon ; the 
highest point of the ' star's coarse will evidently be a 
convenient pbiiit at WhiiQh to fix our index, and a little 
consideration will show that the highest point of each 
circle will be where it meets a vertical plane through 
the north and south points (or, in other words, through 
the zenith and pole), for the leg of the compasses, of 
which we have spoken before, and which we suppose 
to follow the course of any star, will evidently readh 
its highest point when the plane formed by the two legs 
(one of which points to the pole) is vertical. This plane 
then, which is called the meridian^ may be taken as our 
index. Though, this is only an imaginary index it can 
be used as readily as if it really existed in the heavens, 
by simply nioimting a telescope on trunnions, like a 
gun, and making it swing vertically, north and south, 
so as, at the proper elevation, to point exactly to the 
pole.* When such a telescope points exactly to any 
star, we know that the star has come up to the index, 
and whoQ it next comes up to this position we know 
that iexactly twenty-four hours have elapsisd, and if our 
clock does not indicate the dame time as before, we 
know at once that it has gained or lost sb much in the 
day. It is thus easy to find how Our clock is going ; 
but to tell the time at any instant it is necessary to 

* A telesoope so xnomited is called a transit instmment. For 
greater accuracy it is provided with ccoe& -^rassi Vsrt ^s^«t ^^S«^ 
fixed at the place where the image ia toccasdL, «:> «& Vi ^assas^ l?^.. 
centre of the fteM, These cioea 7ni€»\iem^ ^^T.;a.\.*Csv^ v^tS^ 

88 the Btar,mMe\ia to ]ud^yf\iisciih^\i^'^i^^ 
tbit, • 
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know the intervals at which the stars are placed on our 
celestial clock, and this can best be done by notiiig 
with onr clock the difference of times between the 
arrival of pairs of stars at the index (their meridian 
passage or transit as it is called) and correcting this 
for the proportional gain or loss of the clock in the 
interval, on the assumption that it has gone uniformly 
for twenty.four hours ; by repeating such observations 
a great many times and taking the average, the irrega- 
larities of the clock will, on ihe whole, nearly balance, 
and an accurate measure of the interval of transit o{ 
each pair of stars be arrived at. Thus taking any par* 
ticular star as our starting point for 0^, we can easily 
find the time at any other part of the twenty-four hours. 
But it is more convenient for purposes of ordinary 
life to take the sun as our starting point, though on 
account of his irregular apparent motion among the 
stars (which will be discussed more fully in the next 
chapter), he does not make quite such a good clock as 
the stars, gaining at certain parts of the year and 
losing at others, so that we must make allowance for his 
being so many minutes fast or slow, just as with an 
ordinary clock. The time at which the sun comes up 
to our index is called apparent noon, and if we make 
allowance for his being fast or slow, we readily get the 
instant of mean noon (as it is called) at which our 
clocks ought to point exactly to 0^. 

We may now proceed witii the question of longitude. 
For convenience of illustration we compared the heavens 
to a globe which turned round and brought the hours 
up to a fixed index, but really it is the celestial globe 
which is fixed and the index or meridian which moves. 
Now let us take two places with two different indexes, 
or meridians, which, by the rotation of the earth, are 
brought up successively |;o the Sun, giving the instants 
of noon for the two places respectively. When it is 
noon for the second place the Sun will be west of the 
meridian at the £r8t, and the time \^qA> \ia« ^<k^^^ 
jgwce the 8nn was in the meri&an oi t\i€i 1qx«>^ ^\^^i 
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i 

win be the same part of the time l)etween snccessiYe 
iBtams of the Sun to this meridian, as the angle turned 
through by the earth to bring the second meridian up 
to the Sun (from the position for noon at the first 
station), is of the angle turned through from one noon 
to the next. *The same would hold for the stars, moon, 
or planets, and the difference of longitude of Uie two 
places will be the same part of 24*", if expressed in time, 
or of 860* if expressed in angular measure. The 
bngitade of a place, then, is notlung but the difference 
between its time and that of the place selected as our 
starting point (Greenwich for Englishmen), so that 
having the means of determining local time (e,g.^ noon) 
at any place (as explained above) what is wanted is a 
means of knowing Greenwich time* We may mention 
here two ways of obtaining this knowledge, reserving 
that which depends on the motion of the moon, and 
which is so extensively used at sea, for a future 
chapter. The first method to which we shall refer 
makes use of chronometers. Thanks to the improve- 
ments effected in its construction, under the stimulus 
of large rewards offsred by the Government of this 
eountiy, this refined form of watch may be relied on 
to give Greenwich time within two or three seconds 
^corresponding to about half a mile in the deduced 
longitude) after a voyage of a week or ten days, so 
that the longitude may be found to that degree of 
aceuriacy after a short voyage. But there is another 
method of hx greater accuracy which has been intro- 
duced of late years wherever Uie telegraph extends to. 
In this method Greenwich time is obtamed by a signal 
sent from the Boyal Observatory at a known instant of 
Greenwich time ; such signals are sent oilt every 
morning at 10^ a.m., at noon, and at l** p.m. exactly, 
and are distributed all over the United Kingdom by the 
Post-office telegraphs, their chief u&q b^m%\i^ ^^SS^^^s^"^ 
time on railw&jB and in pnbU.o \raS\d^%%« 
From what precedes it is cleat \5asA* \5aa ^oi^^^-^^ '^^^^ 
idsee on the earth is com^le^fel-s ^^^ssnsixift^^^^^ 
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Imow tiM urele of latitude on wbiehtt iiM^itnaalsaSte 
poehioD on that oiicle, i.e., its latitude and langitods ; 
bpt the reader has, perhapSi not got a Tcry clear i4BX>f 
■what is repreaent«d by longitude on the eartb itself, To 
assist him in this, we should explain what is metgA by'a 
meridian on .the earth, having already e:n>1aiued vhilt is 
the astronomical meridian of a place, tfwe staii £rom 
any placa and travel doe north, or due soath vre shaQ 
always - remain in the same verticat |dane thfonghitha 
pole, vhich will therefore oontinne to be our meridnm^ 
so that all the places we pass through vill have tiltar 
coon at .the saitie 
ibatant,. and thereT 
fore have the same 
lot^itade. The line 
alohg'which ve travel 
is ctJled a teneetrial 
meridian, and, since 
we are' evidently g 
ing directly towa^s | 
the pole, all meri- 
dians pass through 
the poles. We may, 
therefore, concave 
the earth as divided 
into a series of circles 
of lati^de , all parallel 
to the equator, and into a series of cireles of Irmgitads. 
or meridians, all passing through the poles; it'hiohfby 
ihdr crossing, define the positions of placet -Oi^ the 
earth. These are the lines which are drawn on mttpu, 
though for the sake of deamesB only those at con- 
venient intervals are put in ; it is, however, neceoauy 
to imagine a oirole of latitude and one of longitude 
passing at right Angles to each otiter through evei^ 
point of the m^. The fignre represents the cixeleeOF 
latitude drawn for every 10*, and tfae meridians An. 
e^^.ionx, tba anmberB placed between ttte TOfin^^^ 
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by places. on fiiei cbnl68poiidiiig circles of latitude in 
ond hour* 

We have not yet Spoken of a very impoortant part of 
the earthy and that which, in fietct, renders onr globe 
habitable-— its atmosphere. At every point of the sur- 
face we find air, which inakes its presence felt in 
yarioQS ways, and which exerts a pressure of 151bs. on 
every square inch of surflEuse of a vessel from which the 
air- has been exhausted. This pressure can be mea- 
sured accurately by the mercurial barometer/ an instru- 
ment in which the pressure of the air on the moutiX'Of 
a vertical tube, closed at the upper end and exhausted 
of air, is balanced by the weight of mercury which it 
will hold suspended. It is in this way found that the 
pressure at tiie sea level is the same at all parts of the 
earth, being equal to the weight of a column of mer- 
cury about 80 inches high, and having the same section 
as the surface on which the pressure is exerted, which 
corresponds to a column of air of the same density 
throughout as that at the surface, and 27,000 feet, or 
about five miles high. But on rising above the sea level, 
whether in ascending a mountain or in a balloon, we soon 
find that the pressure decreases less rapidly than would be 
the case if the atmosphere remained of the same density 
as atihe sur&ce : thus we have to ascend to 2,850 feet to 
get through the first tenth of the atmosphere ; through 
3,200 feet more to get through the next tenth ; through 
8,650 feet more for the tlurd tenth, and 4,250 feet 
more for the fourth tenth, and so on. In this way 
it would require an ascent of about 18,Ck)0 feet to pa'ss 
tSurough the lower half of the atmosphere (as measured 
by its weight) and an ascent of about 80,000 feet to 
traverse the lower two-thirds, starting in each case &om 
the sea level. Since the pressure of the atinosphei^e is 
due to the weight of the superincumbent air, it is easy 
to see that the air gets lighter^ aad tVv<et^isst^Vi^'5*^^^^^-» 
as we ascend^ and this is in T^etfekcX* ^^^^cst^^wi.^ ^tSt. 
the law thai elastic gaae^ eic^onQi, wi^ ^o\i^^^^^^^ 
iied^> «ir tie p^ssnre ia aimims\ieaL* t^^^a^^^^ 
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the earth is dnrronnded by a shell of air in contact with 
it, and decreasing in density as we proceed outwards, 
so that at a height of less than 10 miles it is too rare 
to be capable of supporting human life. Small though 
the extent of our atmosphere is, as compared with the 
size of the earth, it modifies in a wonderful degree 
the climate of our globe, and further gives rise to 
two important astronomical phenomena — ^refraction and 
twilight. When a ray of light passes from one me- 
dium into another which is more dense, it is bent 
away from the surface of the dense medium. This is 
precisely what happens when a ray from a heavenly 
body enters our atmosphere from outer space ; and as 




REFRACTION. 

The rays from two stars coming to the observer at o, along 
8,P,0, S3P2O, are bent downwards in passing through the atmo- 
spbrae, and reach the observer in the directions of the dotted lines 
Q,o, 4)30, along which the two stars are seen. 

the layers get more and more dense, it gets more and 
more bent away from the surfaces of the layers (which 
are parallel to the horizon) in its passage through the 
atmosphere to the earth's surface. Thus the rays 
from a star which entered the atmosphere in a certain 
direction sp will, when they reach us, have a direc* 
tion QO further away from the horizon, and as the 
star is seen in the direction, which the rays from it have 
when they fall on our eyes, it will appear higher than 
liis true poBition, owing to the effect oi ^e «i^3Xiow^\i^T^. 
-iBSttr edee^ is called rafractioBi and ita amoxuil \a ^e^V^x 
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the nearer the body is to the horizon. The consequence 
of this is that the northern stars do not appear to 
describe exact circles abont the pole j the lower half of 
their coarse being very slightly flattened, as they are 
raised more by refraction in the part near the horizon 
than when they are higher in the upper half of their 
paths. This efifeot is, however, in most cases very 
slight, not being perceptible to the naked eye, and 
when allowance is made for it the diurnal arcs are 
found to be true circles. Another efSsct of refraction 
is that the day is lengthened at the e^qpense of the 
night; for when the sun is really on the horizon, he is 
s^pparently raised above it by more than his own 
diameter, and^has, therefore,^ this space further to travel 
before !he sets, causing a delay of about 2°". Similarly 
his rising; is hastened', so that the day is lengthened by 
some 4^.> But twili^t has a far more important effect 
for practical purposes on the duration of daylight, for 
after the Sun has set he still continues to Qlumine 
the .clouds and' upper regions of the atmosphere, and 
this Jiight is reflected irregularly in all directions, some 
of it reaching that part of the earth which would other- 
wisiQi be in absolute darkness after the Sun had set. It 
i^foTjnd by observation that twilight ceases to be per- 
eeptible when the Sun is more than 18^ below the horizon, 
and it results fr:om this, that at a height of 50 miles, 
or about an eightiei^ part of the earth's radius, the 
atmosphere is too rare to sustain particles capable of 
scattering the sun's light. Ab the duration of twilight 
is simply the time taken by the Sun to descend ] 8° be- 
low tiie horizon, it follows that twilight is much shorter 
in tropical countries, where the Sun descends perpen- 
dicularly to the horizon, than in polar regions, where his 
course is oblique, the pole being considerably elevated 
and the equator much inclined to the horizon. The 
diffused light of day may be referred to the 8am<a consa^ 
as twilight— the scattering oi ^^S^^^Xi^Vcrj ^^fiec^R^«s. 

of vapour in the air, more e«peGS»St3 "oi *^^ \^x«a.^ 

clouds. 



18 APPARENT MOTION OF THE BUN AMONG THE STABS. 

CHAPTER n. 

In the last chapter the apparent diurnal movement of 
the heavens (in which all the heavenly bodies partake) 
about the pole was dealt with ; it is now time to treat 
of the apparent motions of some of these bodies among 
the stars, which, though much smaller in amount than 
the diurnal movement, yet afifect it appreciably in certain 
cases. We will begin with the Sun, as its movements 
are the most important, and at the same time the 
simplest. We have seen that all the heavenly bodies 
have a diurnal motion about the pole in the direction in 
which a right-handed screw would be turned to screw it 
in at the north pole, or in the direction of the hands of 
a watch, which faces the north pole ; and the Sun, Moon, 
and planets have the same general motion, though very 
slightly altered in amount by their apparent motions 
among the stars. If an observer notes at midnight the 
position of any bright star (south of the zenith), he will 
find at midnight a fortnight after, that it has got con- 
siderably to the west of its former position, and that it 
really was in that place an hour earlier, or at eleven 
o'clock. It is therefore evident that the stars have 
gained an hour on the clock, or, what comes to the 
same thing, that the clock has lost an hour on the stars. 
But the clock is regulated by the Sun, so that the Sun 
has been lagging behind the stars, or moving eastward 
among them at the rate of 4" a day, or of an hour 
nearly in a fortnight. Our observer would find, on 
continuing his observations, that another hour was lost 
by the clock or gained by the star in the next fortnight, 
and so on, till the star finally disappeared in the even- 
ing twilight He could then take another star, and in 
this way would find, as the general result of his observa- 
tions, that his clock continued to lose uniformly at the 
rate of 4" a day, and that at the end of one year it 
had lost 24 hours, having made the complete tour of 
ibe BtarB, bo ^at the original star ^&b xv.^«AXi m \\>% 
or^iinal position at midnight. The S\m ^totjXQ^ V\w.^ 
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have gone completely ronnd among the stars in one 
year, bnt it wonld have differed from the clock in 
this, that its lagging behind the stars wonld not have 
been nniform from day to day, being, at certain seasons 
of the year, rather more than 4"" a day, and at others 
rather less. For thongh our ordinary clocks are regu- 
lated primarily by the Son, they do not indicate Ap- 
parent Solar Time, as shown by a snn-dial, but what is 
called Mean Solar Time, which is obtained by making a 
correction for the irregularity of the Sun's motion. It is 
this irregularity which we wish now to determime, and 
for this purpose we must refer to the stars, which are, as 
already explained, our only reliable time-measurers. 

But before considering more fully the Sun's motion, 
we must find out more precisely the exact path 
among the stars which he describes. Every one 
has remarked that the Sun attains a greater height 
and is longer above the horizon in summer than in 
winter; and from what has been said in the last 
chapter it will readily be understood that for this to be 
the case the diurnal arc which he describes must be 
nearer the north pole in summer than it is in winter ; 
in fact he is in summer north of the equator, and in 
winter south of it ; but to learn more of his path re- 
course must be had to actual measurement of his 
distance from the equator at different times of the year. 
This can best be done by measuring at noon his an- 
gular distance from the zlmth, and t<Lig the difference 
between this and the distance of the equator from the 
zenith, which is equal to the latitude of the place (the 
celestial equator being vertical for any place on the 
earth's equator, and tilting one degree towards the south, 
as the north pole rises, for every degree of north latitude). 
Now the zenith distance of any heavenly body when on 
the meridian may be readily measured by attaching a 
vertical graduated circle, or arc of a circle, to the transit 
instrument described in t\ift \Bi»\» ^^-K^Xftx,^^ ^^s^^V^Naiss:^ 
with the telescope. 8uc\i a 6a<i\^ nt^. "^ -^^ ^^ ^ 
mark on it to which an mSu&n ^Vxi\» njVqj^'^^'^^'^'^^ 
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is directed to the zenith, show by the position of the 
index on the circle the angle through which the telescope 
has turned from the zenitib when it points on any object, 
such as the Sun, in other words, it will show the 
meridian zenith distance of the Sun. But we must first 
fix our mark, and this is best done, not by pointing the 
telescope vertically up, but indirectly. We know that 
the reflection of a very distant object in a lake appears 
depressed just as much below the horizon as the object 
id elevated above it, whatever be our height above the 
surface, a result which follows from the fact that the 
surface of water or any other fluid is horizontal. If, 
then, we point our telescope to the reflection of a star 
in a basin of water, or, still better, in a basin of mer- 
cury, we shall have to depress the telescope through an 
angle equal to that through which we have to raise it 
to point at the star directly, and if the position <^ the 
index on our graduated circle be noted in each case, the 
point half-way between the two will evidently cor- 
respond to the horizontal position. The mark for the 
zenith will have to be made at a point 90"^ from this, 
the zenith being 90° distant from any point of the 
horizon. Measures of the Sun*s meridian zenith- 
distance being made in this way, and his distance north 
or south of the equator deduced from our knowledge 
of the latitude of the place, that is, the elevation of the 
pole, it is found that there are two days of tibe year 
exactly six months apart, viz., March 21 and September 
21, when he crosses, the equator; These points of 
crossing are called the equinoxes, because the ^^'y'and 
night are then exactly equal all over the world, the part 
of the equator above the horizon being in all latijnide^ 
equal to the part below, so that a star or other heavenly 
body which is in the equator is 12 hours above the 
horizon and 12 hours below wherever the observer may 
be situated. At the vernal equinox, corresponding to 
March 21, the sun passes from sonih to north of the 
i^goator, and gats iiirther and further north, but •ft.t a 
.iB^aekemng rate, till June 21 y the sumixiei ^\B&Q^'^\i^ii 



be is abont 28^* north oi ike equator. This is his 
tnmixig point, and he then begins to approach the 
equator agdin, his distance from it decreasing at first 
y^ Slowly, and then more rapidly, till he again crosses 
it at the antomnal equinox, bnt this time jErom north to 
south. His sonthward motion continues till December 
21, the winter solstice, when he begins to move north- 
ward, arriving at the vernal equinox again on March 21. 
The time that elapses between the retoms to the vernal 
equinox is not an exact number . of days, . being 
866^ 5»» 48"^ 60- in solar time, or 866* &" 48" 50» in 
sidereal time, there being one more sidereal day from 
the circumstance that the Sun has gone round once 
eastward, in the direction in whidi the earth spins, 
lag^g continually behind the stars in its rising and 
settmg. Lot order that the seasons ioiay always fall at 
the same times of the civil year it is necessary to take 
account of the fraction of a day (nearly a quarter) over 
the S65; in the Gregorian calendfu:, which is that 
adopted generally, this is effected by making eveiy 
fourth yeaj! (leap year) consist of 866 daysj the extra 
day being ieidded to February ; but as tiie true year is 
really ra&er less than 365| days, the extra day isc not 
added to any year which is an exact hundred, and wouldy 
therefore, naturally be a leap year («.^., ITOOj 1800)^ un^ 
less the iramber of the century is also divisible by 4 (eigi, 
1600, 2000), and in this way three days^are ^ridof in 
every 400 years, ma^ng the discordance betweeti the 
civil year and the truth less than one day in^OOO yeiEurs. 
It will readily be understood that ^as l^e Sun takes 
six monthis'to move from 28^^ south ioi2B^^ north, tbe 
change of declination or distance frcim the equator in 
one day is very small, in fad it is never more than 1^ 
(less ihsoi the Sun's diameter), so that the diurnal course 
FemMns- very ziearly a circle described about the pole 
just as in< the case of a star. 

Befoire proceeding^£axib£ii\t\% i^<^<«a^ii^ Hc^ ^cs^tsss^ 
. how the poaition-rf b Tiecwenltj ^io^l Sa ^sa.^\ "^"^ J^ 
p/ace on lie "eai«i ^e Ba^ \to& W^ ^aioteAsb^^^ ^^ 
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angular distance of the point from the equator, and 
its longitude, i,e., the time required for the earth's 
rotation to bring the meridian of the place to the posi- 
tion originally occupied by the first meridian, or that 
through Greenwich, are sufficient to fix the position of 
the place ; now the same system may be adopted for the 
stars, but in their case the angular distance from the 
celestial equator is called Declination, and corresponding 
to longitude, reckoned from an arbitrary first meridian 
we have Bight Ascension, measured from the vernal 
equinox, in exactly the same way, i,e., by the time which 
elapses before the meridian through the star occupies 
the original position of the meridian through the vernal 
equinox. We have here used the term meridian in the 
same sense in which it is used for the earth, but to 
avoid confusion with the fixed meridian, the great circle 
drawn from the pole through any star is called the hour 
circle of that stfur. Thus we have imaginary circles of 
declination and hour circles through every point of the 
sphere on which the stars appear to be projected, just 
as we have through every point of the earth circles of 
latitude and meridians.* Declination and Bight Ascen- 
sion, then, are to be considered as correspondmg on the 
celestial globe to Latitude and Longitude on the earth ; 
unfortunately the terms Latitude and Longitude in the 
case of the heavenly bodies have been applied to a 
totally different system of measurement, a curcumstance 
that has given rise to much confusion of ideas. 

So far we have spoken of time as determined from 
the Sun and from stars, without pointing out the dis- 
tinction between the clocks, which are used in the two 
cases. A solar clock is regulated to show 0^ at noon 
foid 0^ again at the next noon, but if such a clock were 
used for stars it would be found to have lost nearly 4"* 
between the successive passages of the same star across 
the meridian, in consequence of which we use for the 

* The dicles on the Key Map (Frontis^eoe) represent the ciicles 
a^at?^ and SO** North X^lination, the Jfiqikatox and t):vBJ(. ol \^^ 
Soaib , The lines from the centre repxeeenfc the 'ELovt CvccS^Vn 
^^''^'y two hours. 
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stars a sidereal clock, which is so regulated that exactly 
24 of its hours elapse hetween successive transits of the 
same star. Such a clock is set so as to indicate O*" ex- 
actly when the vernal equinox is on the meridian, and 
as tibis point may he taken as fixed among the stars, 
and therefore takes 24 sidereal hours to return to the 
meridian, it is clear that sidereal time must be used for 
right ascension, which measures the distance from the 
vernal equinox. With regard to terrestrial longitudes, 
we must use a solar or sidereal clock, according as we 
take transits of the Sun or of a star across the meridians 
of the two places. What we really want in this case is 
the proportion that the interval of time hetween the 
transits of the same heavenly body over the two me- 
ridians bears to the interval between its successive 
transits over the same meridian, and this proportion is 
the same whether both intervals are expressed in solar 
or in sidereal hours, but it is convenient to take the 
second interval as 24^ ^solar or sidereal, according as 
the Sun or a star is used), and this determines whether 
the first is to be in solar or sidereal hours. The same 
consideration applies to all cases where time is used to 
measure the angular distance of two points. A homely 
illustration may put this in a clear light. In some 
parts of England a pound of butter is made into a roll 
a yard long, and sold by length. Suppose, now, that 
in France a pound of butter is made into a roll a metre 
long, then we shall clearly get the same quantity of 
butter whether we buy a quarter of a yard in England 
or a quarter of a metre in France ; but if we buy a 
quarter of a yard in France we get less, and if a quarter 
of a metre in England more than our quarter of a 
pound. We have dwelt on this point because it is 
usually troublesome to beginners, from the want of a 
clear conception of the measure that is being used. 

To return to the Sun. We have shown how to mea- 
sure his declination. To find Ina t\^^ ^^8R.<sajsssscL ^^ 
must £rBt find the right aacenaVcyaa ol craa ^x ^sasst^^ ^vss^ 
by noting the differenco oi \ixQ ^aK^^^ ^"^ SxfKo^i^ ^ 
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sidereal hoars) of the Snn when he crosses the equator 
at the vernal equinox, and of the selected stars, and 
then ohserve the interval (also in sidereal. time) hetween 
the transit of one (or more) of the known stars and of 
the Sun. The Sun's right ascension will he found by 
adding this interval to tibie star'd right ascension. If 
several stars he observed, the mean (or average) of the 
results from each star can be taken, and the final result 
will then be more accurate. This is a principle which 
is continually made use of in astronomy (and other 
observational sciences) to reduce the inevitable errors 
arising from the imperfections of our senses and of 
our instruments, all which affect a single observation, 
but very nearly balance one another when we take the 
mean of a large number of measures of the same 
quantity, the errors which make it seem too big being 
about as many as those which make it too small, on 
the principle that if a coin be tossed up a large number 
of times, it will turn up heads about as many times as 
it does tails. The Sun*s position being thus found for 
every day of the year, we can plot down his course on 
an artificial globe, and we find in this way (or by calcu- 
lation) that his apparent path is a great circle "^ inclined 
to the equator at at angle of 28^**, and cutting it at the 
equinoxes. The plane of this circle is called the ecliptic. 
The Sun's motion along this path is not quite uniform ; 
about January 1 it is quickest, and about July 1 slowest, 
but the variation is only about -^ of the whole, the 
daily motion ranging from 57' to 61'. This variation, 
combined with the talt of the Sun's path, which makes 
his motion more oblique to the equator at the equinoxes 
than at other times, causes an irregularity in tilie time 
as shown by the Sun, and if a clock be regulated to go 
uniformly with the Sun's average rate, the Sun will be 

* Any body which moves in a plane passing throngh the spectator, 

no matter what the path in that plane be^ will apoear to describe a 

great circle in the heavens, since a great circle is tne curve in which 

the sphere is cut by a plane through the centre, t.e., the apect&tAx, 

ju7i/ we refer the actual path to the sphere oi the iiettvenB,\s^\ooVm^ 

^oos-ibe plane in which it lies. 
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at certain times of the year fast or slow by the clock to 
the extent of 16 xninutes, the amount by which the Sun is 
fast or slow being called the equation of time.* 

Further, the change in the Sun's rate of motion is 
accompanied by a corresponding change in his apparent 
diameter, which is largest when the motion is quickest, 
the Yariation amounting to about a thirtieth part of the 
whole, f When an object increases in apparent size, either 
it must really be growing larger, or it must be approaching 
us. Now, in the case of the Sun, we have no reason to 
conclude ^at there is any real change of diameter, such 
an alteration of bulk being highly improbable, and we 
are therefore led to infer that he is nearer to us in 
January than in June by about one-thirtieth part. 

If now we draw a circle to represent the ecliptic, 
and lay down on it the position of the Sun on every 
fifth day of the year, the lines drawn from the centre 
to these points will represent the directions in which 
the Sun is seen by us. at the corresponding times; 
but as his distance changes, we must, to represent his 
apparent motion folly, set off on these radii lengths 
corresponding to his actual distance on these days. 
We thus conclude that the Sun appears to move round 
us once a year in a slightly oval and excentric path. 

*■ The Sun and clock are together four times in the ^ear, viz. : — 
On April 15, June 15, Sept. 1, and Dec 25 ; &om Apnl 15 to June 
15, and from Sept. 1 to Dec. 25 the Sun is f ast^ the greatest error 
in the first period being nearly 4™ on May 15, and in the second 
period 16^» about Nov. 8. From June 16 to Sept. 1, and from Dec. 
25 to Apnl 15 the Sun is slow, the greatest error in the first period 
being ^^ on July 26, and in the second period 14^ on Feb. 11. 
As the Sun is steadily losing on the dock from Nov. 3 to Feb. 11, 
his rising and setting will both be retarded from this cause, and 
thus the evenings wiU lengthen more than the mornings at the be- 
ginning of the year^ though this efiEect is only apparent, being tiie 
result of our redcomng by dock time instead of Sun time. 
^ t TJiere is a curious optical illusion which makes the Sim and 
Moon seem inudi lareer when close to the horizon • but this is only 
tihe result of having known objects, as trees and houses, to compare 
them with, which enables us to realise to a certain extent how im- 
mensely distant these heavenly bodies really are, Tha oA-ss^lax. 
ctiametera (when carefully measoie^ wadk. <isrcw*Ri^L \^x ^ssfesau&sss^^ 

wbicb. Bhghtly decreases tixe di8JxiB\,«c^,3JgNft«x»«^''^^^siQ.'^ 

of observatzons near the saenith.. 
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Bat we have, so far, no more reason to suppose that 
the Sun is moving round the earth, than that the earth 
is moving round the Sun, for either supposition would 
explain ihe Sun's apparent motion, just as we saw that 
the apparent rotation of the heavens may he explained 
by a rotation of the earth in the opposite direction. 
Now there are several circumstances which lead us to 
conclude that it is the earth which goes round the Sun 
and not the Sun round the earth, hx the first place, the 
Sun is enormously bigger than the earth, as we shall 
see when we come to discuss the means of finding his 
distance, which are quite independent of this question. 
Then, again, we shall find that tiiere are other heavenly 
bodies of which the apparent movements can only 
satis&ctorily be explained by supposing them to revolve 
about the Sun, at distances which, in the case of some 
of them, are many times that of the earth from the 
Sun, and as these bodies themselves are generally larger 
than the earth, the supposition that the Sun is carrying 
such masses along with him in his course round our 
diminutive earth is in the highest degree improbable. 
But it is when we come to discuss the physical cause of 
these motions that the absurdity of such an hypothesis 
is brought home to us. 

In anticipation, then, of the conclusions of subse- 
quent chapters, it may be taken that the earth 
revolves rotmd the Sun once in a year in a slightly 
oval and excentric path in the plane of the ecliptic, 
at a distance of about 28,200 of the earth's semi- 
diameters, and with an average velocity of 18 miles 
a second (more than fifty times as fast as a cannon 
ball), moving over eight times her own diameter every 
hour. As the Sun's apparent diameter is 32', or rather 
more than half a degree, at his mean distance, it follows 
that he is at a distance from us of 215 times his own 
semi-diameter, which is 108 times that of the earth.* 

* The arc corresponding to 1° at the centre of a circle bem^ ^ 
a/' the whole dicnmferenoe, which is ^ timea tUe dlam&^AT,^ 
^alUfwa that the length of the arc of 1° is jif of the ia^ma iieax\^. 
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Now although we may at first feel some difficulty in 
realising that our globe is moving at snch an enormous 
speed without our being conscious of it, yet if we con- 
sider that the earth bears the same proportion to the 
Sun that a 12-inch globe bears to the dome of St. Paul's, 
we shall find it far more difficult to conceive that such 
an insignificant body as our earth is really the centre of 
the Sun's motion. But whether the earth be moving 
round the Sun, or the Sun round the earth, or both 
about some other point in the line joining them, their 
apparent motion will be the same ; and as far as these 
two bodies only are concerned, we may consider the 
motion in that way which conduces most to clearness of 
explanation. So that just as we talk of the Sun, Moon, 
and stars rising and setting, though these are mere 
appearances, we may for the present speak of the Sun's 
annual motion round the earth ; but when we have to 
consider the motion of another heavenly body relatively 
to the Sun, we must transfer our thoughts to him, and 
picture to ourselves what the appearances would be 
from that point of view. No error is involved in either 
way of speaking, provided we remember that we are 
only treating of relative motions. On this understand- 
ing we will proceed to show how the apparent (or 
relative) motion of the Sun gives rise to the seasons. 

At the vernal equinox the days and nights, as before 
stated, are equal, and this is the case all over the world, 
the equator being everywhere divided into two equal 
parts by the horizon. From this point the Sun, moving 
along his oblique path, passes north of the equator, and 
two results follow from this, both of which cause places 
in the northern hemisphere to receive more heat from 
the Sun. In the first place the day is lengthened and 
the night shortened, so that the time durmg which 
heat is received from the Sun is increased ; and in the 
second place the amount of heat received in every hour 
is greater on account of the ^e^Ai^x ^V^^^^\^ ^1 ^^^ 
Bnn, for his rays have a \e«a ftnsSiEafi^J^ ^^^ *^c^ ^^sss^s^- 
sphere to traverse audlxeal oii\Jci^Vi^«^i'^^'^^^^^^=^^^ 
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larger proportion of ihem strike a surface when they 
£Edl perpendicularly than when obliquely, just as in a 
driving shower a larger number of drops will fall on an 
umbrella when the stick is held in the direction of the. 
shower than when it is held upright. With regard to 
the loss of light and heat in passing through, the 
atmosphere, it is sufficient to remark the enprmoufi: 
decrease in brightness of the Sun near sunset to appre- 
ciate the influence of this cause, which reduces the 
Sun's brightness at 5^ elevation to one-flfth of what it 
would be at the zenith. Now we must remember that 
the temperature of any body results from a series of 
exchanges with surrounding bodies, heat being received 
and at the same time sent out; hot bodies send out 
more heat than they receive, and the reverse is thJ9 case 
with cool bodies. Now the earth receives a balance, ^f 
heat &om the Sun ; if it sends all this heat away into 
space all round it will remain in the sam^ state as 
before, but if it receive more than it Can send away it 
will get hotter, and this is the case with places in the 
northern hemisphere at the time we are considering ; 
for, as we have seen, such places receive more heat 
from the Sun in the day, and have less time in the 
night to send it away and thus cool down,. than \yaa 
the case when the Sun was at the equinox. - ^nt tha 
quantity of heat received by the whole earth and jsent 
out into space remains the same, for in southeqi lati- 
tudes the Sun is helow the equator (the aiorth polie 
being below), and the days are shorter than the nights^ 
so that those countries get cooler than they were alithe 
vernal equinox.^ Now these opposite effects in opposite 
hemispheres go on increasing as the Sun gets fovther 
and farther north, till June 21 ; the nor&em hemi- 
sphere has by that time stored up such an. ^Ksumui 
lation of heat in the soil itself, that it does not begin 
to grow cooler till some time after, just as fi kettle 
taken off the Are will continue to boil on the hob^ 
ib/n?^ ate beat there is not sufficient to Bet it bo^^i^^; 
^i&ur heat&Qm the Boil will be graiua!li^ ^^^(^^ 
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as me Sun moves southwards in the autumn, and the 
tfreather will grow colder and colder in northern lati- 
tudes, the reverse taking place in the southern hemi- 
sphere. Such an accumulation of ice and snow will be 
formed in the northern hemisphere, in consequence of 
the abstraction of heat which then takes place, that the 
arrears will have to be cleared off after the winter sol- 
stice, before the northerly motion of the Sun produces 
any effect. 

Thus we may consider winter in the northern hemi- 
sphere (or summer in the southern) to correspond to 
the months of December, January, and February; 
spring (or autumn) to March, April, and May ; summer 
(or winter) to June, July, August; and autumn (or 
spring) to September, October, and November. But 
there are certain portions of the earth where this 
division does not hold, viz., the regions near the 
equator. As the Sun crosses the equator twice, he is 
▼ertioal at such places twice in the year, and the sahie 
will be true for any place which is less than 23i^ north 
oi: south of the equator, since for such places the celes- 
tial equator is less than 23|® from the zenith. The 
belt of the earth included between these circles of 
latitude is called the tropics, and, dince the heat at any 
place is greatest when the Sun is vertical, these places 
have two siuumers ; but really the change is very 
slight, and the year is usually divided into ^e wet and 
the dry season, the term winter, as understood in our 
latitudes, being hardly applicable. We may here allude 
io two other regions of the earth in which this word 
implies much more than it does with us, conveying the 
idea of darkness as well as of cold, of absence of Hght 
as well as of heat. The Sun at midwinter being 2di^ 
below the equator, will not rise above the horizon of 
any place at which the celestial equator does not reach 
an elevation of 23J% which will be the case when the 
place is less than 28^"^ from either pole^ or hs& o. l&iv<s&^<b 
(north or south) greater tixasx ^^V • '^^^ ^xsl^^*^ ^ 
Mdtude ad^» north and Bonfli we c»S^<b^ "Cafe Ki^^^ '^s^ 
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Antarctic circles respectively, and the belts incladed 
between them and the tropics are called the north and 
south temperate zones. In the Arctic and Antarctic 
regions it is clear that the Sun will in winter remain 
below the horizon daring the whole time that he is 
farther below the eqaator than the distance of the 
place (in degrees) from the pole of the earth, and that 
he will in sammer remain above the horizon for a 
similar period, so that the alternation of day and night 
is so far modified, that in sammer we have sunlight 
continuously for weeks or even months at a time, and 
in winter we have a night of the same duration. At 
the poles themselves these periods last for six months 
each, so that there is only one day and one night in 
the year, but of course the Sun continues to circle 
round the pole once in every twenty-four hours just as 
in other latitudes, though, like the stars of the Great 
Bear with us, he never dips below the horizon. In 
this, as in many other cases, the ambiguity of the term 
day causes some confusion. 

We have already spoken of the effect of twilight 
in lengthening daylight ; its influence is felt in a remark- 
able degree in Polar regions, some light being received 
from the Sun in midwinter even at places as near as 
5^ to the pole. 

Though, as has been already stated, it is perfectly legiti- 
mate to explain the alternation of the seasons, as has just 
been done, from the standpoint of the earth, yet, as the 
matter is of some importance, there will be advantage 
in considering it also from the point of view of the 
Sun, which mU. enable us to realise more clearly some 
of the conditions on which these changes depend, and 
will at the same time remove any latent doubt as to 
the correctness of the conclusions based on a discussion 
of relative motions, a point of essential importance in 
the study of astronomy. We arrived at the conclusion 
that the earth moves round the Sun in a pliEuie orbit 
inoliDed to the equator, and that conBeqaoiiVL^ ^<^ 
eaiib'B axis ia also inclined. litoNV iibiB «m «i^««iyk 
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points to the same place among the stars, very near 
the Pole-star, constantly preserving the same direction 
daring the year. Let ns picture to ourselves, then, what 
would be the appearance presented to an inhabitant of 
the Sun by our globe during this annual motion. On 
a round (or slightly oval) table or tea-tray place a 
night-light a little out of the centre (in the direction of 
the longer asds of the oval) to represent the Sun*s light, 
and having run a knitting needle through the core of 
an orange, which will represent the earth and its axis, 
carry the orange round the edge of the table as the 
earth moves in the ecliptic, keeping the knitting 
needle always tilted in the same direction; then if at 
the same time we keep the orange spinning pretty 
rapidly, the circumstances of the eaxth*s motion will be 
represented fairly well, and the flame of the night-light 
will not be far from the proportionate size of tiLe Sun, 
as compared with the earth's distance, though the 
earth ought to be represented by the minutest grain 
of sand visible to the naked eye, instead of by our 
orange. But our object being to explain the appear- 
ances presented to an observer on the Sun, we must 
suppose our earth magnified some 1,500 times, as if 
seen through an exceedingly powerful telescope. The 
figure represents the arrangement described above, 
seen from one side, the knitting needle being omitted. 
Starting, as before, with the vernal equinox (at the 
bottom of the picture), when the Sun appears to us on 
the equator, an observer on the Sun will look at the 
earth's equator edgeways, and will just catch sight of 
both poles. As the earth moves on in her orbit, the 
equator^ keeping always the same direction in space, 
will show its north side more and more to the Sun, 
until it gets into such a position that all the tilt (south- 
wards) is in the direction passing through the Sun, which 
corresponds to the solstice ^the left of the figure), after 
which less and less of the tvHt 1% \xi MJaa %Qsi^ ^!aL^feR5QlSs^^ 
till at length, at the aut\mflv«l ec^crL^^^^^J^^"^ 
agabi presented edgeways \« ^e^^w^ V^^'vss^ ^ 
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^nre). During tliis period the north pole ia' tnmed 
towardB the Sun, and the northern hemisphere receives 
more than its fair share of light and heat, as will be 
Been hy noticiiig whero the boundary of shadow lalls on 
our orange illnmined by tiic night-Ugbt. From the 
antamnal to the vernal equinox the tilt of the earth's 
equator, as seen &om the Snn, will he northwards, and 
tiierefore the north pole will bo tnraed away and so 
receive less light and heat thwi the sonth pole, which is 
presented to the Ban. It is, therefore, winter for'the 
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1 henusphere and snmmer for the sonthern. 
We see at once &om this that it ia only the distribution 
of light and heat which varies from this cause, not the 
total amount. Sometimes the northern hemisphere 
■receives more tlmn the southern, and aometimea the 
reverse is the case, bat this does not affect the oonunon 
fimd. Ab a matter of fact, the earth doea receive more 
light and heat in January than in July, bnt this ia 
because she is nearer the Sun at the former epoch ; ' the 
eSbotofOuB on tfteolimafo ia, however, inaenrffcXft.^wsi^ 
aiaaied hj the reiy much greater changes oi fti« wewsn*. 
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It is now time to pay a little attention to the physical 
oonstitation of that wonderfol body which prodaces 
effects of such importance to onr well-being. When 
examined in a powerfal telescope, care being taken to 
diminish the intensity of his heat and light by means of 
dark glasses, the Snn appears to have a slightly mottled 
surface, shading off sightly towards the edge, and 
having usually certain dark markings, called spots, 
accompanied by streaks brighter than the ordinary 
surface, and hence called faculaa (torches). If one of 
these spots be watched from day to day, it will be seen 
to move across the Sun's disc from east to west, disap- 
pearing at the western edge or limb only to reappear 
after an interval of nearly 14 days at the eastern lunb, 
and cross the Sun's &ce again in another 18 or 14 days. 
On extending our observations it is found that all spots 
move across the Sun's disc in about the same tune, 
although the lengths of their paths differ considerably, 
and we are therefore led to conclude that their motion 
is really caused by the Sun's turning round on an axis 
eastward, or in the same direction as the earth in her orbit, 
80 that it presents the same face to the earth again 
after an interval of some 27 days. But this is not the 
true time of rotation of the Sun^ for the earth having 
gone a little way round the Sun in its orbit, the Sun has 
to turn through a corresponding angle after having 
completed its rotation, so as to catch the earth up, just 
as we saw the earth had to do to bring the Sun to the 
meridian of a place again. Now as the earth goes 
round the Sun in 865 days, we have, since the times 
are proportional to the angles turned through, 
865+27 : 865 : : 27 : time of Sun's rotation, which, 
therefore, is rather more than 25 days. As the result 
of carefal measures of the position of spots during their 
passage across the disc, it is found that they do not 
move in straight lines except about July 12 and 
December 11^ showing that ti;!'^ ^\£^<^^ ^i^sk^^^^ 
doBcribe, and therefore also tii©S\vxi'^^cVJ>atot^«t<^**^^ 
wiib respect to the ecliptic, tixc ^^m^ '^ ^«\s^r^ "^^ 

c 
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^etetor iii^ btit that we 'see tken xsizdiee^/^edgmS^ 
(from opposite fiides) on the two days given abondi jfu^i 
as the equator and circles of latitude on the earth 
(which are the diurnal paths of spots on the eiarth) 
would be seen £i;bm the Sun at the vernal and autmnnal 
equinoxes. The tilt of the Sun's equator to the ediptie 
appears to be about 7^^. Now in all this we have 
something very similar to what we were led to conclude 
in the case of i^e earth, and thus tiie great difficulty of 
accepting the rapid motion of a masS' like the eadli ia 
completely removed, for though the Sun'Ei rotation ii 
much slower, yet its mass is enormously greater^ It iff 
difficult, indeed, to realise the size (^ this enormouft 
globe, but some assistance may be gained from the. 
statement that a spot on i^e Sun's equator moves four: 
times as fast as a point on the earth's equator — Lea, (at 
the rate of 4,000 miles an hour, which is .ftvift 
times the speed of sound, and iour times ^that of. k 
cannon ball — and that with this enormous velociliy itc 
tak6& 25 days to complete the / circuit of the Son^ 
But' (though we have every reason to suppose thaib 
the fi|)ots turn round with the Sun, the changes thai^ 
take place in them sho.w that they are by no meanft 
fixtures on his surface, and in £Eu;t it is found that ono 
spot lias a drift forwards relatively to. another,, so ihati 
they do not all take exaetly the same time to go xonndU 
Their individual movements, however, are small as qoiocH 
pared with the motion caused by the Sun's .rotafioa^ 
whilst the changes in their form are most remarkable.: 
Oases have been observed of the formatiaa of a larga 
spot, some 50,000 miles across (six times the size.of 
the earth), in the course of a single day at a part.of tte 
sur&ce where nothing unusual was. to be eeen before j; 
and the disappearance is sometimes equally sudden^ 
Usually a spot does not last more than two or three 
months, and in this period it will often break up intoa 
group of smaller spots, or such a. group. may ooaleefO 
mtaone large spot As a genetoA xrilb, «^\a.^x«.^Axoe^i 
posed of a eentral black portiox^ ^\n.c\i.\^ ^^^2sv^ 



Buclontf or ambiSi (shade), -surroimdad .by a loss dxirk 
part called the peniuaodbra (half-shade), and these two 
portions are quite distinct, tike nueleos lying at a lower 
leyel than the penumbra, and bpth of Uiem below the 
bright surface which we see ordinarily. That a spot 
must thus be considered as a hole in the luminous 
atmosphere of the Sun is shown by the appearance 
presented on its approach to the limb. We are then 
looking at the spot obliquely, and it is found that more 
of the penmnbra is seen on the side away from us, 
whilst on the other side it is very much foreshortened, 
as we should expect on the supposition that the spot is 
a hollow with the nucleus at tiie bottom. An earthen-^ 
ware basin with a little inb^ water at the bottom will 
give a rough idea of the appearances thus presented by 
a spot Of the pauses which give rise to Sun spots 
little is known, but they appear to be much more 
fbBquent ^out eyery eleven years, and there is a suspi- 
cion that this is due to the influence of the planets. 
We must now turn to some other features of the Sun, 

• the red cloud-like prominences, which are seen when the 
overpowering light of his disc is cut off by the interposi- 
tion of an opaque body like the Moon, in total eclipses 
of the Sun, and also by meai^s of a beautiful application 
of the spectroscope, an instrument designed to deter- 
mine the nature of the light which comes to us from any 
bright body. We will briefly explain the principle on 
which this is founded. Everybody has noticed the 
colours shown by a glass lustre from a chandelier, and 
has probably remarked that these colours change as the 
eye is moved. These effects will be best seen if a lustre 
be. placed on its flat side op a narrow stand, at some dis- 
tance from and above the flame of a candle, and be viewed 
by an eye as £eu: off as convenient. The flrst thing that 
¥011 be noticed is, that the rays from the candle are bent 
in passing through the glass, so that in order to see the 
candle through it, it is neceaaw:^ iox \k<^ 6^^ \ft\»^ >§ssiiw^ 
eondderahlj below the staixaL. "I^^a ^xor^^^es.^ ^\ *^ 

glass IB termed refractioxi (bie^aao^. «s^^ ^^ ^^^^'^'^r^ 

o % 
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in a greater or less degree by all transparent substances ; 
it is best seen when ^e glass is in the shape of a lustre, 
i.e., a triangular bar, or pr»mas it is technically termed. 
The next thing to be remarked is, that the flame no 
longer appears white, but is of a colour which depends 
on the height of the eye, changing from red to yellow, 
green, blue, and finally violet, as the head is lowered 
from the position at which the flame first begins to be 
seen in the prism. Thus it appears that the white 
light of the candle is really composed of light of all the 
colours of the rainbow (a phenomenon caused by a some- 
what similar action of the drops of rain on the light of 
the Sun), and that it may be separated into these 
colours by a prism of glass which bends the violet rays 
most out of their course and the red least, the other 
rays lying between these two. When white %ht is thus 
spread out into its component colours, it is said to form 
a spectrum, and it is to be remarked that though for 
convenience of explanation we have spoken of red, 
yellow, green, &c., there is no sharp boundary between 
two contiguous colours, but that they shade insensibly 
one into the other, and that corresponding to every 
degree of bending or deviation there is a certain hue* 
Now though sunlight, or the light of a candle or gas 
flame, may thus be spread out into a continuous spec- 
trum, the same is not true of every light ; thus burning 
hydrogen gives out three definite kmds of rays only, 
correspondmg to definite hues of red, greenish blue, and 
violet. The prominences of the Sun are found to give 
out light of these three hues exactly (indicating that &ey 
also are glowing hydrogen). It is evident that the in- 
tensity of the light must be very much enfeebled by the 
spreading out into a continuous spectrum, or dispersion 
as it is called, an eflect which may be doubled by put- 
ting another prism to receive the l^ht after it has passed 
through the first, so that by making the rays go through 
a number of prisms one after the other even the direct 
4»56/ of the 8un may be made qtnle i«axi\., ^iVsSi^V. >Oti'^ 
'^S'^i of the proxxunences is scaxcelj ^ec.\A^i u\nfi^ \^ 
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consists of three definite hnes, each of which is incapable 
of being spread out. The light which falls on the prisms 
is usually limited by a narrow slit (perpendicular to 
the lengtib of the spectrum), and lenses are placed just 
in front of the first prism, and just after the last, 
so that the rays of each colour form at a certain dis- 
tance an image of the slit of this particular hue, and 
having a corresponding position in the spectrum, which 
thus appears like a ribbon of shaded colours to an eye 
placed in a suitable position, and armed with a magnify- 
ing lens. Such an instrument is called a spectroscope. 
If now an image of the Sun be formed on the slit of a 
spectroscope by means of a large lens, placed so that the 
slit is directly between it and tibe first prism, a red image 
of the prominences will be seen in the corresponding 
part of the spectrum, when the slit is so placed that it 
is just outside the Sun's limb, the light of the sky close 
to the Sun, though bright enough to blot out the pro- 
minences when viewed directly, being greatly enfeebled 
by dispersion into a continuous spectrum. In the same 
way we may see the prominences by means of the 
greenish-blue or by means of the violet light which they 
emit, if we look at those parts of the spectrum respec- 
tively. There is thus found to be, outside the surface 
of the Sun ordinarily visible to us^ and known as the 
photosphere (or sphere of light), a layer of glowing 
hydrogen, to which the name chromosphere (sphere of 
colour) is given firom its red hue, and out of this rise 
strange cloudy masses, sometimes to a height of 80,000 
miles, or ten times the diameter of the earth. The 
chromosphere itself is on the average some 8,000 miles 

' thick, but the thickness varies very much, as ita surface 
is almost always in a state of great agitation, which, 
when very violent, gives rise to a prominence. Besides 
hydrogen, there are, in its lower strata, the vapours of 
many of the metals, of which the presence is revealed is^ 
the spectroscope by the c\iai«iC\«ns!Cvi \ssvKe» ^ -s^ej^sia. 
ibeir light is composed, Juat t« "m VJkie^ c.we»^ ol V^^^^^- 

the hue being detenniaed accuw^^^l >o^ "^^ ^^«c»ss^ 
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the spectrnm of the corresponding image of the slit, 
which will be a bright line of that hue stretching across 
the spectrnm. There is another appendage of the Sun 
outside the region of prominences which, so far, has 
only been seen in total eclipses, and which appears on 
the evidence of the spectroscope to consist chiefly of 
some substance not yet found on our earth. It extends 
to an enormous distance from the Sun's surface, per- 
haps more than a million miles, and appears to be com- 
posed of two portions, the term corona being applied 
to the whole phenomenon from its resemblance to the 
corona or glory which is frequently seen round the|MooB 
in a hazy sky. The lower portion forms an atmosphere 
round the Sun, visible as a ring of pale green, and 
appears to contain hydrogen as well as the unknown 
substance referred to above ; outside this are seen long 
rays and interlacing plumes which can be traced to a 
distance of twice the Sun's diameter, with large rifts or 
gaps reaching nearly down to his limb. Tins portion 
appears to shine partly by its own light, and pe^y by 
reflected sunlight. 

From this account it will be seen that the Sun is made 
up of a large number of layers, there being below the 
photosphere, or luminous surface, two or possibly three 
layers which are Exposed to view as the nucleus and 
penumbra of a spot, and above it the chromosphere, the 
atmosphere or inner corona, and the outer corona. 
Besides these there would seem to be a far larger ap* 
pendage of the Sun, which is seen unde* fiBm)urabl<6 
conditions (chiefly in the tropics) after sunset, or hetcafe 
sunrise, as a cone of Hght in the plane of the ecliptic, 
liayingHhe Sun's place as its base. This is called the 
Zo^acal light, and is now supposed to be composed of 
myriads of small particles which reflect the Sun's light, 
and form a lens-shaped disc reaching probably beyobd 
the earth's orbit. 
Of the cause of the Sun's light and heat, both of 
\vMch appear to come almost entireVy itoTo. \)a^ ^cA6- 
spbere, no satisfactory explanation \ib.b ^fet ^^^^^^^^ 



^d thia riBmainfl one of ihe moiA importani finljeoid. of 
inquiry,' the Son's rays being the immediate sonroe. of 
dbaost ail- moTements that lake place on the surface of 
the earth, or in its atmosphere. 
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Thb Moon, as will be seen shortly, plays a very insig^ 
nificant part in the Solar system, but, next to the Son, 
it is, from its comparative proximity, the heayenly body 
X){ most importance to ns. Its motion among the stars 
is somewhat like that of the Son, bnt far more rapid 
and far more irregular, the Moon taking 27^ iwd 29^ 
di^s to return to the same position nearly with respect 
to the stars and the Sun respectively, the latter period 
being longer on account of the Sun's apparent motion 
(or tibe earth's real motion) in the interval since the 
Moon has to overtake the Sun, which is travelling more 
slowly in the same direction. The former is called a 
sidereal, and the latter a synodic period or lunation. 
The determination of the Moon's motion is a far more 
complicated question than that of the Sun's, but by 
watching its course among the stars, vdiich can be done 
much more readily than in the case of the Sun, as moon- 
light is not sufficient to overpower them, it will be found 
that the Moon moves in an orbit tilted about 5* to 
the ecliptic or apparent path of the Sun, the arc de- 
scribed in a day varying from about 14 J® to 12^ ; while 
the diameter changes trom 29V ^ 32f' , showing that 
the Moon's distance alters by about one-ninth part. It 
thus appears that the Moon seems to describe the same 
sort of path about the earth as the Sun does, but its 
ellipse is much more oval ; it will further appear that 
the Moon is much smaller than the earth, so thai ii v^ 
natural to suppose that it le^SSltj t6^^«^ xss^ssi^ '^ssa 
earth, and not the earth roTm^L^Sbi^lBLOCPa. ^^^.'^sss^^^ 
obBervation soon showa that ^iJafelJLoOTL^^^^^^sc^ 
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quite so simple as this explanation wonld lead ns to 
suppose, though it represents the broad facts of the 
case, and is a fair approximation to the truth. In 
the first place, it will be found that when the Moon 
comes back to the ecliptic after having made the tour 
of the heavens it does not return to exactiy the same place 
on that great circle, but that the point where it crosses 
is nearly 1^ farther west, so that the Moon's motion is 
not really in a plane. It will, however, give as a 
clearer notion of the path if, instead of supposing the 
Moon to depart from the original plane, we imagine 
this plane to be continually shifted so as to follow, as 
it were, the Moon's movement exactly, the Moon beii^g 
then always in this shifting plane, which may thus in 
some sense be considered the plane of its orbit, and 
this will, at any rate, assist us in realising what the 
motion actually is. Looking upon this, then, merely 
as a device to assist us in grasping a difficult subject, we 
may say that the Moon moves in a plane, inclined about 
6° to the ecliptic, and twisting round without altering its 
tilt at the rate of V* westward in every lunation, so 
that it has twisted completely round in 18f years.* 
Again, when the Moon is observed through several 
lunations, the point where she is nearest to us, and 
where her daily motion is greatest, is found to shift 
eastward by about 8* in every lunation, so that the 
Moon does not really describe a closed curve, such as a 
circle or ellipse, though for the reason given above it is 
convenient to speak of her as moving in an ellipse (or 
oval), which is continually turning round eastward at 
the rate of 8® every lunation, completing a circuit 
within nine years. There are oUier irregularities which 
make it necessary to suppose the size and shape of this 
ellipse variable ; so that the Mocm's distance from us 

* The t>lane of the Moon's path may at any instant he detennined 

b^ tnpposing it tilted 5° to the ecliptic about a hinge, as it were. The 

direction of this hinge is called the line of nodes (see fig. p. 59), 

the nodes being the points where the Moon's appaxeTiX. pei.^YEk.>(\v^ 

AeBvans croBseB the eciiptfc. Hie line of nodes theii c^Y^\» V^ ^vraift.- 

wmni eveiy JanaUon, going completely lonnd once ev«t^ V^J^T^wa^, 



LOMOirnDB FOUMD BT M001l*8 MOTXOll. 41 

changes by more than one-ninth when different 
lunations are compared, the apparent diameters 
ranging from 29-|-' to 38^'. It may be asked — ^What is 
the nse of supposing the Moon to move in an ellipse 
when we have to make continual alterations in its positions 
and dimensions ? — ^but, in answer to this, it must be re« 
membered that these alterations are small^ and that by 
this way of looking at the subject we are able to con- 
sider the irregulanties one at a time, instead of being 
overwhelmed by their mere number. It is by this 
mode of considering the question that the Lunar Theory, 
which from a study of the Moon's motions aims 
at predicting her place at any future time, has been 
brought to a high state of perfection, a matter of the 
greatest practical importance to navigation, as the 
Moon's somewhat rapid motion among the stars enables 
us at any place to determine the Greenwich time within 
a few seconds by measuring her distance from certain 
selected stars, and in this way to determine the longitude 
(which, as already explained, is simply the difference 
between the time of the place and Greenwich time), thus 
fixing a ship's position at sea within a very few miles. 
In fact the Moon serves the purpose of the hand of a 
clock which always shows Greenwich time, though the 
marks corresponding to the minutes are not at equal 
distances ; and the great object of the Lunar Theory is 
to tell us where these minute marks are to be, in order 
that the Moon shall always point to true Greenwich 
time. It is as if , when a clock went wrong from irre- 
gularity in its movements, we were unable to alter the 
hands, and had to make new marks on the dial in order 
to know the correct time. This question was considered 
one of such great national importance that the Royal 
Observatory, Greenwich, was founded by Charles JDL, 
in 1675, for the express purpose of watchmg the Moon's 
motions ; and though careful observations Vsa?;^ V^^^c:^ 
made there assiduously for l\ie \b»\. Vift ^«K!:5a.>*QaK«k 'sx.'Si 
Btni slight errors in the pre^clfe^i ^^3^t«e^ ^'^ W^^^ 
ibongb (be»e are pf x(iw\il ewSVe^ wxiwb^ *«^*^ 



imcdrtiaiiity of meastiies of Idle Moon's distance irooL 
stars made at sea. 

•■' It is no^r time to give an explanation of .the most 
fitriking pecnliarity of the Moon-«^her phases. > The Sim 
alwarfs appears 'as a roimd orh^ but not so the Moon. 
Starting from New Moon, when she is in conjimction^ 
with the Snn, the first appearance presented by the 
Yonng Moon; a daj or two afterwards, is that of a 
thincrascent', of which the hollow is tamed away from 
the Sun ; the thickness of this crescent gradn^y in* 
creases till it becomes a half-circle at !E^t Qnarter, 
when the Moon is 90* from the Smi ; from this point &e 
eontottr of the side away from the Sun becomefi^ more 
and more convex^ till, when the Moon is almost exactly 
opposite the Snn at Fall Moon, we see a nearly com^ 
plete circle of light, a very small part of the top or 
bottom only bein^ wanting, according as she is (from the 
tilt of her path) below or above the point exactly op<> 
posite the Son. After this the west side begins to wane^ 
and at Last Quarter we have again a half-circle, but 
with the round side towards the east, the Son' being now 
en that side ; the crescent form now appears again, 
becoming thinner and thinner as New Moon approaches. 
Thus from Last Quarter to First Quarter (he Moon 
is orescent-shiaped, whilst from First Quarter to Last 
Quarter she is said to be gibbous, the point to be noticed 
being that a fall circle of light is seen when the Sun is 
opposite her, whilst we see little or nothing when they 
are nearly in the same direction. This suggests the 
idea that the light of the Full Moon is due to the Sm^ 
shining directly on her, and that the reason we see 
nothing at New Moon is that we are then looking at the 
dark side, the Moon being between us and the Sun. In 
fact the phases are exactly what we should see in the 
case of the Sun shining on a dark ^obe, as may readily 
be verified by holding a white ball at arm*s length 

*Oae beavenlybodv ia said to be in conJuTUStioiam^xwar^^x^'^^s^ 
'f-A^ tbe^Bame longitude^ or right aacenflioi^ i.e.,N?bBa \\.^a®JifeKt 
^ *w* /«» Trftli the other, or dti© north ox BCPoaa. cA\fe. 
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between the eye and the Snn rtr a li^ht, and slowly 
tnnung rocmd with it from right to left. Care being 
takes that there be Ho other l^ta %o ilLterfere, it will 
be fonnd that the ball is always divided inio two halves, 
a bright edde tamed to the light and a datt dde turned 
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away, and as the ball goes round us, more and more 
of tiie bright side comes into view, till at last the whole 
of it is seen ; after this the bright side turns away, and 
we lose it altogether when the ball comes again to its 
position between us and the light. It will be noticed 
that the edge of the ball turned to the light is bright, 
whilst the opposite edge is dark, and therefore not well 
seen, and this is just the case with the Moon, the de- 
ficient part required to make up the circle being always 
away from the Sun : but that it really exists, thousrh 
on Lonnt of the overpowering Ught of th^ bright 
portion we generally cannot see it, is shown by the 
fact that near New Moon, when the light of the thin 
crescent is comparatively faint, we can readily trace the 
outline of the whole disc against the sky. There is 
another circumstance too which contributes to the visi- 
bility of the dark portion at such times, viz., that this 
part of the Moon is illuminated by the Hght reflected 
from the earth, just as the part of the earth turned away 
from the Sun is by the Full Moon ; for when it is New 
Moon to us it is Full Earth to the Moon, and vice versd^ 
and the earth being, as we shall see, four times the size of 
the Moon, earthlight to the Moon will be something like 
sixteen times as bright as moonlight is to us, that is, 
supposing the reflecting powers of the bodies to be 
about the same, as is probably the case. But besides 
this appeajrance of the New Moon with the Old one in 
her arms, as it is called, we have direct evidence of the 
existence of the dark part of the Moon^ when we cannot 
see it, in eclipses of the Sun, and in ocenltations of 
stars. To take the latter first. It is clear that when 
the Moon passes between ns and the stars (which are 
at an enormous distance from us) she will cut ofif their 
light, so that any star placed in the Moon's course will 
be hidden or occulted when the Moon passes over it, and 
this disappearance will, before Full Moon, take place as 
soon as the eastern or dark part of the Moon's circle 
comes op to the star, showing tiiat an opa(^Q\KA^'V^^*nsm, 
i^^ circular outiiae is interposed between ^<& bNmc wadi 
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as ; similarly after Fall Moon the star does not reappear 
till it reaches the western edge of the same circle, 
the bright part being now to the east. It may be re* 
marked here that these occoltations of stars aJOford the 
most accurate means of determining longitudes where 
the telegraph is not available, the disappearance or re- 
appearance taking place quite instantaneously, so that 
the observation may be relied on to a fraction of a 
second of time. As the plane of the Moon's orbit 
Mfta regularly round once in 18f years, it is evident 
that in that period the Moon will Imve occulted at some 
time or other every star which lies within 5* on either 
side of the ecliptic, and will, consequently, occasionally 
pass in front of the Sun, causing an eclipse. This will 
happen whenever New Moon takes place near the points 
where the Moon's path cuta the ecliptic (the Moon's 
nodes) ; in other cases the Moon will pass abovie or 
below the Sun, being tilted out of the ecliptic. If the 
New Moon takes place exactly at the node she will pass 
centrally over the Sun, and the apparent diameters of 
the two bodies being on the average about equal, but 
each subject to variation through alteration in the 
distance from us, especially in the case of the Moon, we 
shall at some central eclipses have the whole of the 
Sun's light cut o£f for a few minutes (a total ecHpse), and 
at other ecHpses (known as annular) there will be 
seen just at the middle of the eclipse a ring of light 
from the Sun round a black circular disc (the Moon). 
If the Moon when new be not exactly in her node, more 
or less of the Sun's disc will be cut off, and a partial 
eclipse will take place ; such an ecHpse will happen when 
the Moon's centre appears to pass within the distance of 
her radius from the Sun's edge, which will be the case 
when the angular distance from the node is not greater 
than 17% or when the passage across the ecliptic is not 
more than about 1^ days from New Moon. But thoui^ 
an eclipse will, under these circransViMic.e^i^^^^'^a^Ysa^^ 
pJaee or other on the eartla, ec^-^^^e^ ^\. «k^ ^'^^^'^^^ 
locality are not so common, aafli WV«1 qx vsaxs^sst <^<s«!C5^'** 



^ifidotatoriiin^thftfiBalith jriU throw i^e Moon out of ihe 
^efi& lifte batweitorlum and the Son, abd thus pretVent 
tte Son from: bding/eidLpsed at one place when it is 
so at/ancKUier alit^aljQCurth or south of it. ; Xhere, will 
h^no) total eoUpse (risihfe,in this country dtiring the re- 
teStider.of this oentarj, the next being in x.j>m 1927^ 
Aii the Moon . sometimes, cots off iJie Snn*i3 light from 
as; so the earth, may cut off the Smi from the Moon ; 
when. an eclipse of the moon, as we call it, takes place,^ 
the appearance being that^ of the Moon passing into the 
earth's. 'Shadow, and so disappearing, more or less com<9 
pletely , tbaroi]^the'Smt's li^being put off ; except in so 
£iur. as it Is scattered by cload& in otir atmosphere, owing 
tdi which jofbct the eclipsed Moon^ is nsnally seen as a 
dkrkcopperrcolqnre^ disc. . The Moon's shadow barely 
reaches to the earth in ab eclipse of. the Son, and, mxder 
tfaid inbsif&yonrable: circamstaticds, throws a black spot 
on the eai& not more than 120 miles in diameter; Imi 
the earth. beiDLg four times the size of the Moon, hes 
shadow reaches far beyond the Moon's orbit, and is at 
the distance of the Moon about two-and-a-half times 
the Moon's diameter. If the Moon when full be neac 
enough t6 her node to pass within this shadow, an 
6d4>se. will take place, and this wiU happen whenever 
the distance, from either node at opposition is less thas 
10|*, or when Pull Moon occurs willdn 20 hours of the 
passage aoiloss the ecliptic. Unlike an eclipse o£ tha 
Sun a lunaj: eclipse is visible at any place for which the 
Mbon is aboTO the horizon, ue.f on the hemisphere 
turned towards the Moon and away from the Sun, the 
][K>sition of the spectator not affecting the entry of the 
Moon into the earth's shadow. From the earliest times 
eclipses forced themselves on the attention of mankind, 
havizig in one notable instance (the eclipse predicted by 
Sniales) put an end to a war oetween the Modes and 
Lydians, as related by Herodotus, so that a method 
of predicting them was eagerly sougDot ior. If only a 
^ch ofyesffB eouJd ba found, auch &at ^c^i^^^ NranXdi 
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* 

reenr in the same order in each saooessive cycle, ibd 
question wonld be easy enough. Now two conditions 
are necessary for an eclipse : — (1) The Moon's node 
mnst be near the Son's place ; (2) The Moon must be 
new for a solar, or full for a lunar eclipse. If, then, 
after one eclipse the node has completed an exact 
number of revolutions with regard to the Sun so as to 
return to the same place again, whilst in the same time 
an exact number of lunations has elapsed so that the 
Moon is again new or fuU as the case may be, another 
eclipse will happen under precisely similar conditions. 
The Chaldeans discovered such a period, which they 
called the Saros, a cycle of 18 years and 11 days, in 
which the node has made 19 revolutions with respect to 
the Sun, which differ from 288 lunations by only 11 
hours in excess. Thus, if an eclipse happens at any 
particular date, it will recur after 18 years and 11 days, 
and this will go on tiU the node is thrown beyond the 
Umit for an eclipse by the accumulation of the lagging 
in 11 hours for each cycle ; an eclipse of the Sun will 
recur in this way at intervals of 18 years and 11 days 
for some 1,000 years, and one of the Moon for about 
800 years before the lagging of the node interferes 
with its regularity. 

There is another cycle connected with the Moon 
which is of some interest, as it gives the days on which 
New Moon falls. It is called tibe Metonic cycle, from 
the name of its discoverer, Meton, and consists of 19 
years, corresponding almost exactly to 285 lunations, 
80 that the days of i^e month on which New Moon falls 
recur regularly after this interval; the number which 
denotes fiie position of a year in this cycle is called the 
Golden Number. 

A consequence of the Moon's moving in a path in- 
clined to the equator may here be noticed, as it is of 
some importance to the farmer. From the tilt of the 
ediptie the Moon's motion in her orbit is inclined to 
the equator, and ia partly eastward and partly north or 
n?ad&, When she is in that part oi tiie e<£.^\^<^ ^nV^t^ 
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thei Sun is at tHe vernal equinox, her motion northwards 
is most rapid, and in high northern latitudes is iiearly 
parallel to the horizon, so that her motion eastwards, 
which tends to make her rise later, is compensated by 
the nortiiward part of her motion, and cpnseqnentiy she 
will in that pstrt of her path rise at nearly the same 
time on two or three successiye nights, and this will 
happen once in every lunation. There is a special 
importance, however, in this phenomenon, when the 
Full Moon falls at this part of the orbit, for then the 
Moon rises for several days just at sunset, and thus 
gives light enough to get in the harvest, whence this is 
called the Harvest Moon. As in this case the Moon is 
full at the vernal equinox, the Sun, which is exactiy 
opposite, must be at the autumnal equinox, so that the 
Harvest Moon is that Full Moon which is nearest to 
September 21. in England the harvest is usually over 
a month before this, but in many countries this 
lengthening of the day by the Harvest Moon is of great 
value. 

. The Moon's distance from the earth has been very 
accurately determined by a method founded on the fact 
that as an observer moves forwards, objects on either 
sid^ of him appear to move backwards with a rapidity 
proportional to their distances from him, an effect which 
ifi well seen from a railway carriage in motion, the trees 
and houses in the landscape appearing to wheel about a 
point in the extreme distance on either side as a pivot. 
For every yard that the train advances every object will 
appear to move a yard backwards, so that each object 
is shifted apparently through the angle, subtended by a 
yard at the distance of the object, which explains the 
slower apparent motion of the more distant objects. 
By measuring, then, the angular shift of any object, we 
determine the angle under which a yard appears at the 
distance of ' that object, and hence readily the distance 
itself. For an arc of 57^® is ec^ual to W^sv T^>Acias» ^\*^^ 
mreJe (the circtunferetice of S^QP \iOTi% ^ >ossv<s& *^ 
diameter), wii^nce we have oiAy to dWvi^^Oafe «s^^^ 

i> 
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measure into 57-^° to find how many times the radius 
contains the arc, which, in the case we are considering, 
is one yard ; the number of times so found will, of 
course, give the distance in yards. It is not necessary 
that the spectator move in an arc of a circle about the 
object as centre, for in dealing with small angles the 
arc is very nearly a straight line, and the difference is 
easily allowed for where accurate calculations are made. 
Now let us apply this principle to the case of the 
Moon, remembering that the distances we are here 
concerned with are very large, and that we have to 
deal with thousands of miles in the place of yards. 
Suppose two spectators at the extreme north and south 
of the hemisphere visible to the Moon, which is, there- 
fore, on the south horizon in the one case and on the 
nortii horizon in the other. The southern observer 
will see the Moon shifted north among the stars (which 
are too far off to be so affected) through an angle equal to 
the angular diameter of the earth seen from the Moon, 
and the part that this angle is of 57^ gives the fraction 
that the earth's diameter is of the distance of the Moon, 
so that, having the diameter of the earth, the Moon's 
distance is easily found in miles. But in practice it 
would not be very easy to make observations at two 
such stations as we have supposed, and it is found 
better to be satisfied with a rather less shift in order to 
have the Moon at a sufficient altitude at both stations 
to get rid of the uncertainties of refraction near the 
horizon. The observatories which have been used for 
this purpose are those of Greenwich and the Cape of 
Good Hope, at both of which the Moon is observed with 
the utmost regularity every day that she is visible ; so 
that a large number of observations are available, the 
average of which will give a very accurate result. 
The mode of determining the Moon's distance by ob- 
servations at these two stations is not quite so simple 
as in the ideal case given above, but the matter may 
be made clear by the following couevOLet^XAnxi. Yrc^'t^ 
^yery point of the earth's surface ttielfi-wmHa^ftWiVxi^ 
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different position, so that by plotting down correspond- 
ing places of the Moon*s centre among the stars, we 
Hhall have a representation of the points of the earth's 
surface as seen from the Moon, the apparent shift of the 
Moon from its central position being, as already stated, 
equal to the apparent distance of the corresponding 
station from the centre of the earth's disc as seen from 
the Moon : this is called the Moon's parallax, being the 
difference between her durection as seen at the given 
place and at the earth's centre, and is evidently greater 
for points round the edge of the earth's disc than for 
those within ; tor the former the Moon is at the given 
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The left hand figures show the positions of the Moon as seen 
from five stations on the Earth ; the lower figures give the Earth's 
disc seen from the Moon and the imaginary disc marked out by the 
Moon as seen from different places of the Earth, bat reversed right 
for IcKft, as if looked at from outside a celestial globe. 

instant on the horizon, and the shift of her apparent 
position is then called horizontal parallax. The earth's 
disc as seen from the Moon not being perfectly circular 
on account of the bulging out of tiie equator, the 
horizontal parallax will be greatest at the equator, since 
the two points where the equator meets the edge of the 
disc are frirther from the centre than any others ; thi<& 
valne is called the EquatotifilTiOTa^oTiXa^.'^^^ ^ 
ynU, of coarse, be imdeiBtooaL \Sa»X» cpo. W5.^^xssis. ^^ n^'^ 
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.earth's rotation the disc visible to the Moon is con- 
tinually changing, and that, consequently, the parallax 
at any place changes as the Moon rises or sets. The 
Moon being in the zenith of the place at the centre of 
the disc, the parallax is nothing for that position of the 
Moon, and increases as she moves towards the horizon. 
Now when the Moon is on the meridian of Greenwich, 
it is easy, from her observed zenith distance, to calculate 
what part the apparent distance of Greenwich from the 
middle of the eturth's disc, as seen from the Moon, is of 
the diameter of that disc, and, again, when the Moon 
is on the meridian of the Cape Observatory, the corres- 
ponding fraction in that case ; so that by adding these 
two fractions together the proportion of the apparent 
shift in the case of Greenwich and the Cape to the shift 
for the two extremities of a diameter is obtained. The 
shift corresponding to Greenwich and the Cape is ob- 
tained by observing the Moon's meridian distance, as 
compared with those of selected stars at both observa- 
tories, or, in other words, the shift of the Moon with 
respect to stars near, allowance being made for the 
Moon's motion in declination in passing from the 
meridian of Greenwich to that of tiie Cape. In this 
way it is found that the shift for two extremities of an 
equatorial diameter is 1° 54', which is, therefore, the 
diameter of the earth's disc at the Mqou's average 
distance ; so that the equatorial horizontal parallax is 
67'. The Moon's distance is therefore (since ST-nr* ^ 
about 60 times 57'), about 60 times. the earth's V^l^s 
at the equator, or .80 times its diameter, making it 
about 239,000 miles. • Since ' the Moon's apparent 
diameter at her mean distance is about 81', while that 
of the earth is 1*^ 54', it follows that the real diameter 
of the Moon is rather more than one-fourth that of ike 
earth, being very nearly 2,160 miles. We may now 
get a tolerably clear idea of the motion of thd Moon 
»hout the Sun, for we see that while she is moving 
rozmd the earth at a distance of 60 timeft \Sift e^teiii'fi 
TB^us in a lunar month, the earttx is TcifmxigTOTBjA^SBfe 
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Son at 3d5:jtixxies this distailce (282,000 tones the 
eartii*s radius) once a year, and carrying the Moon 
with heor. Thns if a eirde, .or more strictly an ellipse, 
he dranyn of four inches radius to represent the pati[i of 
the earth round the Sun, the Moon's motion round the 
Sun vrill be represented by dividing the circumference 
krto 18 parts about ; and supposing the^ Moon at these 
iiia[r^0iB3ia;ioocrespOnding to New Moon to be^^itich 
-insLde 'the middle of the line representing the oircum* 
iorenee'v fltnd, at intermediate points cbrrespqnding to 
Full Moon to be y^ inch outside, so that the. excursions 
of .the Moon will all be contained within the breadth of 
the pencil line which marks the circumference and the 
deviation of her path from a lane circle (or yearly 
oiiDaul^r ellipse) about the Sun would be quite onapprer 
ciable to the eye on such a scale. It may seem strahge 
tihat wer should. speak of the Moon describing an ellipse 
.tround the earth 'when she really moves very nearly in a 
•<nrele about the Sun, but in explanation of the apparent 
Anomaly it is sufficient to remark that the earth is 
dragging. the Moon with her round the Sun at the rate 
sf '18; i^iles.a second, whilst the Moon's motion round 
ikie earth is only ^ of a mile in the same time,, so that 
fiven when the Moon's , motion round the earth is in the 
joppofflte direction to that in which she is carried by 
the earth's motion round the Sun^ whicJbL is the :case )iit 
New Moon, the Moosl is ftiU moving round the Sun i» 
the .same direction as the earth, and with a velocity 
onl^f about ^..less. Thus we may coxisider th,e Moon 
as describing either, an ellipse about the earth or an 
almost circular oval about the. Sun, according as we 
take the earth or the Sun as our standpoiidii ; both 
tuodes of expression are correct, provided we remember 
that the motion is in both cased relative, and thaA fdr 
anything we know the Sun itself may ^be moving iround 
sonie far distant centre even more rapidly in space than 
.'the earth iaround the Sun, so that ibi^ eds^^5^^^«ls:^W^vs^ 
•ioo pmyxeallj be- describiix^ "oaw^ <£vi<s»iiSNt ^vii^Da^^fisssssj^ 
.iiiffl.&ftant,orb, .a Birpspod^ioii^^^^'^ ;«^ ^s^stfi'^ "^^^ 
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reason to consider probable. However this may be, 
we can commit no error in considering the Moon to 
move ronnd the earth, and both earth and Moon to move 
ronnd the Sun in nearly circular paths, so long as we 
confine ourselves to the relative motions of these three 
bodies, without reference to any real (as distinguished 
from apparent) motions they may have among the stars. 
There is one peculiarity of the Moon which strikes 
every one who watches her disc through a telescope — 
it is this, she always presents the same face to the earth 
as she circulates round it. Now this can only arise 
from her turning round on her own axis in exactly the 
same time as die turns round the earth, though at 
first sight it may seem a little difficult to see how she 
can be really rotating, when she does not show any signs 
of it to us. A little consideration of what was said in 
the last chapter on the relative motion of two bodies 
will remove this difficulty. It was there pointed out 
that, as far as the two bodies are concerned, the appear- 
ances would be exactly the same to a spectator on 
either the earth or the Sun, whether the earth went 
round the Sun or the Sun round the earth, and that so 
long as we were dealing with those two alone it was 
only a question of convenience which expression we 
used. Now the same principle applies to the earth and 
Moon ; so that, so long as we are considering the Moon's 
appearance to us, and not her motion among Qie stars, we 
shall have the same result by supposing the earth to be 
moving round the Moon, as in the actual ease. But if 
the earth be turning round the Moon, it is evident that, 
for the same face to be always seen by the earth, the 
Moon must turn on her own axis exactly at the same 
rate as the earth turns round her, that is, once in 27-}- 
days. To represent the Moon's motion round the earth 
we must suppose the earth to turn round the Moon 
sometimes faster and sometimes slower, so that she is 
olterDatefy in advance of and behind what we may eaU 
her proper place, just as in the ease cS ^« ^txel \ \2icLi^ 
^Cxui, on the other iumd, tarns qiuie tunioTmi^ ouYiSit 
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axis, and the earth in conseqnence gets to see a little 
more round one side at one time and a little more 
round the other side at another, through her out- 
stripping or lagging behind the Moon in her turning. 

The Moon being such a very near neighbour of ours, 
as compared with other heavenly bodies, her surface has 
been studied with great success by means of powerful 
telescopes, and careful charts have been made in which 
the positions of all the principal markings on her visible 
disc are laid down with an accuracy surpassing that of 
most terrestrial maps. With a magnifying power of 
500 the Moon may, with a powerful telescope and ex- 
ceptionally clear state of our atmosphere, be brought 
apparently within about 500 miles, a distance at which 
the principal features of a country would readily be made 
out. Fortunately for the study of her surface she appears 
to be quite destitute of any appreciable atmosphere, no 
trace of refraction being perceived when the rays from 
a star graze her surface just before an occultation, and no 
signs of water or vapour being visible on her disc. 
This absence of atmosphere exposes the Moon to most 
violent changes of temperature, the surface being heated 
during the long lunar day of half a month to the 
meltL^ point of iron, and cooled during the next fort- 
night to the temperature of space, 460° below zero of 
F^enheit*s scale, or further below the freezing point 
than the melting point of iron is above it, a condition 
of things which would of course be fatal to any form of 
life with which we are acquainted. 

The Moon*s surface almost everywhere shows signs of 
violent volcanic action far exceeding anything found on 
the earth, the most conspicuous features being tibe craters, 
which are found of all sizes, from eighty miles across 
down to the most minute speck visible, crowded together 
so closely in many regions that they overlap each other. 
The great peculiarity of these lunar craters is that the 
floor inside is nearly always at a far lower level than the 
outside surface, as may be Blio^iL\>^iOL<^'d:svms^%'^^ 
ottiiQ shadows cast by tho x«m^^ xwsaA^^ ^\s^ist ^s«». 
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the. £oor and on the surface of the Moon jonisid^ : "Etdm 
snch.meaBtirements it is easy, when the elevation of the 
Sun is found (from the angular distance of the crater 
from the illuminated edge) to detemune the height. of 
the rim of a crater or of a mountain^ and in- this way 
the altitudes of a. large number of objects on the Moon 
have been obtained. Although the Moon is only a 
quarter the size of the earth, there are both craters and 
mountains rivalling in height the most elevated peaks 
on the earth ; nor is this to be wondered at, for we have 
no reason to suppose that the force of volcanic energy 
is less for a small planet ; whilst gravitation on the Moon, 
which draws heavy bodies downwards, and so counteracts 
the force of upheaval, is only a sixth of what it:is on the 
earth ; so that we should expect ciuders to be projected 
from lunar volcanoes to a much greater distance, tiian is 
the case on the earth, a supposition fully borne out by 
tiie large size of many of the craters on the Moon. 
Though both craters and mountains are found on.tiie 
Moon, the former are far more frequent, there: being 
only three principal ranges of mountains, called respec- 
tively the Alps, the Caucasus, and the Apennines, the 
Moon in this respect presentmg a marked contrast • to 
the earth. The mountain ranges are all three aituated 
in the north, whilst the southern portion o£ the 
Moon is remarkable for its large number of craters, the 
most conspicuous of which, Tycho, ; seems to form a 
centre of eruption, from which proceed in all directions 
bright rays, extending in some cases to a distance of 
600 miles. This crafcer is over fifty miles in breadth 
and some 18,000 feet in depth, with a central cone 
6,000 feet high, and with its system of radiating streaks 
is distinctly visible to the naked . eye about Full Moon. 
Similar systems of bright rays proceed from several 
other craters, among which may be mentioned Oc^er- 
nicus, which is well seen near the middle: of the 
boundary of the bright part of the Moon a day or two 
M^ier Hie drst gnarter, and AiiB\axc^\i\]L%, ^^<^ ^ix^^ 
^omeff.into viaw as .an exceedingjiy -\)in^\ft «»-^Qk\>:.mvi^^ 
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Borth-c^wt twQoi three da;0 before Foil' Moon. THe fijcsi 
idea that Bnggests itself with reference to these rays is 
that they are streams of lava flowing from the craters, 
but ft fatal objection to this explanation is that thay 
pursue iheir course oyer hill and dale, regardless of the 
obstacles in tiieir path, and can actually be traced across 
the floors of craters which must have been formed 
before this eruption, the way in which one crater oyerr 
laps another affording an indication of its relative age. 
The most plausible explanation offered as yet seems to 
be that the rays are cracks, like stars in ice, caused by 
the eruptive force which formed the crater, and covered 
over by the lava which has exuded from them, just as 
radiating streaks are formed in a sheet of ice by .the 
freezing of water which comes through the cracks. It 
remains to mention the so-caUed seas on the Moon, 
which are apparently nothing but dark grey plains com- 
posed of materials which rdect less Hght than other 
portions, and which from their size are sufficiently con^ 
spicuons to the naked eye, especially at Full Moon, when 
the markings present some resemblance to a human face. 
Though the term sea conveys a false impression of the 
nature of these plains, there being a total absence of 
water on the side of the Moon turned towards us, the 
term is still retained to avoid the confusion which might 
be caused by introducing a new nomenclature, the 
<' seas " being named from supposed qualities, e.g,, Mare 
Imbrium, M^e Nubium, and ^e craters and mountains 
from celebrated philosophers. 



CHAPTEE IV. 



Having discussed the motions of the Sun and Moon, we 
shall now be better prepared to study the far more com* 
plicated movements of the planets. Tb^ ^\si^<b\.'^vsQEs^^ 
which is go conspiouous as a m.oTCca% ox ^-^^^sscl^ "^^bs. 
Bi- di^B&xmt ^fsactu ot her oowb^, ^w^ wsn^^ ^^ Sisi& ^i«s^ 
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introdaction to the question. Suppose, then, we watch this 
planet when she first appears as an evening star, setting 
soon after the Sun ; it will be found that her angular 
distance from the Sun increases day after day, till after 
seven months she arrives at a turning point nearly 47* 
from the Sun, after which she begins to approach him 
again, and afker another two months is again lost in his 
rays at sunset. All this time, if watched through a tele- 
scope, her diameter will appear to increase gradually 
to six times its original value, whilst she goes through 
phases like the Moon, from nearly full when first seen, to 
a fine crescent at her disappearance in the evening 
twilight. After a short interval she may be again picked 
up, but this time as a morning star, just before sunrise, 
and continued watching will show that her distance west 
of the Sun increases for nearly seven months, as her 
distance east did before, and that after reaching 47* it 
diminishes for the next two months, till she is again lost 
in the Sun's rays to reappear east of him, the phases 
and changes of diameter corresponding to those seen 
when she was an evening star. These movements may 
be watched more closely with a telescope, which enables 
us to see the planet in broad daylight if we know where- 
abouts to look ; the best way of fixing ihe position 
will be to observe with a transit-circle the time of transit 
and the meridian altitude of the planet, the corresponding 
quantities being also determined for the Sun, so that the 
right ascensions and declinations of both bodies are 
found, and therefore their relative position. From a 
consideration of the motions above described it appears 
that Venus moves in some way about the Sun, never 
' getting very far from him, and that she is more than 
six times as far from us when she changes from a 
morning to an evening star than in the opposite position. 
Again, her phases show that when nearest, or in inferior 
co]](junction, she is between us and the Sun, as the Moon 
when new, whilst when furthest off, or in superior con- 
Janction, she is beyond the Sun, so \ih&\i "Nve b^^ V2)[i<^ ^\\<^ 
^Ufited op by bim ; for, as in the c«bae ol ttkftlLwwL>^^ 
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conelude that Yenns shines by light reflected from 
Bun, though she is never seen in tiie quarter of the 
ens opposite to the Sun, as is the case with the 
Moon. It follows from all this that Venus describes 
laller orbit round the Sun than the earth does, and 
consequently she is always inside the earth's path ; 
dme she takes to complete a revolution with respect 
le earth is 584 days, or 1|- years nearly, in which 
>d she must have made 24 revolutions relatively to 
Bt^s. ha^g gained exJly one revolution on'tt.e 
i ; so that the time of one sidereal revolution is found 
ividing If years by 2f , and is, therefore, ^^ of a 
, or 224 days about (more exactly 224*7 days), 
h is somewhat over 7 months. The determination 
16 exact path described by Venus is a more com- 
ted matter, since it is necessary to find from obser- 
ns made on the earth her positions as seen from 

the Sun, but when this 
is done it appears that, 
like the earth, she de- 
scribes an ellipse round 
the Sun, having a tilt of 
nearly d^^ to ti^e earth's 
path. Since Venus is 
six times as far from us 
in superior conjunction 

OF ONE ORBIT TO ANOTHER, ^^ ** iuferfor, it foUoWS 

BOWING LINE OF NODES. that tho diametcT of 

her orbit, which is the 
ence between these two distances, must be five 
I her least distance from us ; so that her distance 
the sun is about 2^ times and the earth's distance 
times the distance of Venus from us when nearest, 
iier distance from the Sun is 2i divided by 8^, 
lOitt f of the earth's distance from the Sun. The 
result may be arrived at by observing her greatest 
lar distance from the Bvm (^ox ^Qr[i<^b^QL^\^ %s^ \^^Ss^ 
d), m the same way as \2i[ift \>xew^^ <^^ ^ ^^xsssSs. 
may be found by obfterro^ ^^e^ ^^^^ \ssAsst 
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which it appear^ at a known distance from its oeBtre» 
We shall see presently how the relative distances of the 
planets may be determined more accurately indirectly 
by means of their times of revolution, or years as they 
may be called. 

There is another planet, Mercury,- whose motions are 
similar to those of Venus, though he is much closer 
to the BuUi and can only be seen under favouzable 
circumstances, when. his angular distance, ris gifdat^ 
either as an evening.or morning star. This pja^ei. goes 
ihrough. ^ita phases in: four. months (nesirly 116 dpi^, 
whence ^t follows, by the same reasonhig as :in (il|^ 
fiusei ot'TmuSf that its year is three montibs. (bkw 
exactly 88 days) ; the distance from the Sun vanes lonqp 
more than is ibe case with Venus or the earth« ltter>H:^rj{p 
orbit being much more oval. His distance from ihoi ^n ■ 
is about -§• of that of the earth, sul^ject to mioiia^i^ 
or' decrease of one-fifth of its mean value, which caiuMi- 
a.obajige in. the greatest elongation from 16* to 29*, 
so. thaj; there is mujsh more irregularity in this planet*!^ 
motions than in.the ease of Venus. 
. Mercury and Venus, are caHed inferior planets as tifi^ 
dxl)it& ard withia that of the earth ; the other planm 
,€bdubit .motions oi a different character, not b^g 
limited to. a;.oertaix)i distance from the Sun, but, mofing 
westward from him continually, they arrive at the 
opposite quarter of the heavens ; after which, still movii^ 
westward with respect to the Sun, they begin to approach 
him on the ea^em side; so ihat instead of oscillating 
about the Sun .as the inferior planets appear to do, these 
saq^mitt planatfliT m they aora .termed, make .a comptok 
^inmiiiof the hefllvetas in an easterly direotioawitbire- 
Jbrenoe: to the Sun> the zte^ult of. tibe, Sun's atipajoenib 
motig)ii eastward :being.more ra{)id than that ^ ibalo 
plahetSy.iti ^onsequenee :(rf whii^h they lag behmd. Hbo^ 
though. their.motion. among the stars is, 091 the^iwh^tJiKb 
'Cn^lWdi Jikd >tbA.Sunfs, hvi slower^ and with penoterifif 

i2&i£a: our ideaa let uatakfe^the caa© Dtt^^\s««N»^^6wft- 
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Stmrtang from coiiiimotioii with the Sun; Man vill ^pear 
alH II moming star, lieing earlier and earlier (by Bolsr time) 
every day till he conies to opposition, at which time he 
paeees the meridian at midnight, exactly opposite to the 
Son, and is visible all night ; continning the same counie he 
now rises before simBet and sets before mmriee, and thtw 
becomes an evening star, which he continnes to be nntil' 
his westward conrse with respect to the Son brings 
him so near the Bnn's direction that he sets almost at 
the same time, and is thus lost in his rays. The period 
of .these changes is two years and two months nearly, 



during which time the earth has gained one revolntion 
on Mars, as he has been continually lagging behind 
the Snn in his apparent yearly ronnd, so that Mars 
mnst have made 1^ revolntions in 2^ years, whence his 
year is ^ of oars, or more aecnrately 687 days. AIJ 
this time he has presented to ns a full, or nearly foil, 
disc, so that we most always ba lookhig at the same 
side as the Sun does, and he can never be between ns 
and the Sun, as is the ease with an inferior planet; 
whence it follows that Mars describes an orbit about the 
Sun {which extended obBetyationa ^(y« "wi >i% wnnss- 
wbat oval, the greatest and. 'VeaA. 5i*axi."!ft9. Siwio. "^^^^ 
Ban being in the proportion rf 9 to "VV^'. ^^A- '&«*•''»«■ 
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orbit is altogother outside that of the eartli. The ditt- 
meter of Mare is five timee ae great in oppositioii m 
in conjunction, while in the latter position he is iiirtiier 
distant from us than in the former bj the breadth of 
the earth's orbit, which is therefore four times his dis- 
tance from us at opposition. From this it follows that 
the earth's distance from the Snn is twice her distance 
from Mars when we are in a lino between him and the 
Snn, whence the distance of Mars from the Son is three 




times his least distance from na, or 1} times our diatance 
from the Bun. The motions of the other superior 
planets are generally similar. Jnpiter's year is neariy 
tweWe of oors, tlie intervals between snccesslTe op< 
positions being nearly a twelfth part more th^ a year, 
or Qiirteeii months ; his distance from the Son Is rather 
over five times that of the earth, ao that his distance 
from as only varies from four to sis times the earth's 
distance from the Snn. The intervals between sncoesdve 
^pposttionB for Satara are only a iortnigt^. o^ei ^^w, 
Jn whiob time be mnst have deaorVbei ciuft-Vtai^a«& iA 
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his revolution, whence his year is nearly thirty of ours, 
and his path round the Sun is described at a distance 
9^ times as great as that of the earth. These were all 
the planets known to the ancients, but two more have 
been added since — one of which, Uranus, discovered by 
Sir W. Herschel in 1781, is at 19 times our distance 
from the Sun, and has a year more than 80 times as 
long as ours ; the other, Neptune, was discovered 
through its atkaction on Uranus ; it is 80 times as fax 
from the Sun as we are, and its period is 160 of our 
years. 

Besides ihese there is a class of bodies called Asteroids, 
or minor planets, the first of which was discovered on 
the first day of this century ; about 150 of them have 
been detected up to the present time, and every year 
adds seyeral to tiie list. These bodies are as minute 
as they are numerous ; probably none of them exceed 
200 miles in diameter, whilst some are not much more 
than 10 miles. Their orbits all He between those of 
Mars and Jupiter, at distances ranging from 2^ to 8J 
times that of the earth, with periods of from 8 to 6 
years. Some of their paths are very oval and much in- 
elined to the earth's orbit^ presenting a marked con- 
trast in this respect to the large planets, especially the 
outer ones. These asteroids seem to form a connecting 
link in the gradation from the large and widely separated 
plailets to the smallest meteors, which perhaps constitute 
the zodiacal Hght, and form tiie tails of comets. The 
idea has been advanced that these small bodies, so 
difierent from the principal planets, may perhaps be the 
result of an explosion which has shattered a planet 
formerly circulating round the Sun in an orbit between 
those of Mars and Jupiter, and scattered the fragments 
in various directions. Though this theory would account 
for the peculiarities of these minute planets, the neces- 
sity for making any such supposition is to a great extent 
removed by the ^scovery of systems of much smalkr 
bodies, the meteors, revolving To\3ai'QL\)sxa^TflDL\ ^sA^*^^^?^ 
remains the great diffiexiit^ m «yce«^Nsa^% \^^*^sia^ *^k^ 
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asteroids, having all started irom the place of explosion, 
mnst in their course round the Sun all return to it, so 
that all their orbits ought to have some common point 
of intersection, which is not only not the case now, but, 
as far as we can judge from tiiieory, never could have 
been true unless the present orbits have been disturbed 
by some unknown cause. 

Thus far we have confined our attention to the 
apparent motions of the planets with respect to the 
Sun so as to present the subject in its simplest form; 
by allowing for the motion of the Sun among the 
stars it w^ not be very difficult to find that of the 
planets. The first point of which we must take account 
is that, since they move nearly uniformly in circles 
about the Sun, they will appear to move faster with 
reference to the Sim when they are near us. It is 
further necessary to distinguish between inferior and 
superior planets : the former oscillate about the Sun, 
moving sometimes eastward sometimes westward to 
or from him ; the latter move round and round always 
westward, as explained above. Taking any inferior 
planet at superior conjunction, the planet is moving 
eastward from the Sun, and the Sun is moving eastward 
among the stars, so that the planet's motion among the 
stars is eastward, or direct as it is called ; tins will con- 
tinue till the planet has turned^ and its motion towards 
the Sun has become equal to the Sun's motion among 
the stars, when for the moment it will be stationary 
among the stars, after which the planet's apparent 
motion towards the Sun will become more rapid as it 
gets near the earth, and moving faster westwards towards 
the Sun than the 6un does among the stars, its moticm 
among the stars will also be westward, or retrograde. 
This will always be the case at inferior conjunction, for the 
several planets move more quickly the nearer they are 
to the Sun, the time they take to complete their circles 
decreasing more rapidly than the size of those circles 
as we go from the outer planets to t\i© \iHi«f, ^iSK!Qa 
<ymiur takes j^ of the time taken by \kA eat^>"V3ra.\.\iet 
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circle is -f- of that of the earth, which is a larger fraction 
than T^ (f is equal to |4 and -^ to |^). The velocities 
of the diiferent planets are given in the tahle at the 
end. 

Let us now take the case of a superior planet. In 
conjunction its motion westward with respect to the 
Sun is less than the Sun*s motion eastward, so that its 
resulting motion among the stars is eastward, or direct, 
just as in the case of an inferior planet. As opposition is 
approached the motion westward with respect to the Sun 
increases till it becomes equal to the Sun's eastward 
motion, when the planet is for the moment stationary 
among the stars, after which, the westward motion still 
increasing, the planet will move among the stars in a 
westward or retrograde direction. 

These may be taken as the results of observation, 
but it is desirable to explain how they follow from 
the motions of the planets in their orbits with the 
velocities given above. At superior conjunction, whether 
for an inferior or superior planet, the earth and the 
planet are on opposite sides of the Sun, and are 
therefore moving in opposite directions, so that the 
earth's motion makes the planet appear to move faster 
eastward, the effect of a motion of the spectator being, 
as explained before, to make objects appear to move 
in the opposite direction. At inferior conjunction for 
an inferior planet, or at opposition for a superior, 
the earth and the planet, being on the same side of the 
Sun, are moving in the same direction ; in the case of an 
inferior planet th^ planet's motion is greater than that 
of the earth, and is westward, as seen from the earth, 
which is outside the orbit, in the same way as Sun-spots 
as seen from the earth move from east to west, though 
the Sxm*s rotation is, like the motions of the planets, 
eastward. From this it results that at inferior conjunc- 
tion the planet appears to move westward as if it had a 
velocity equal to the difference between its actual velo- 
eitjr and that of the earOi ; ttift N«oxi\^ \i^ i^x "^^^a^sr^ 
i^f^ut 11 mileB, and forVenxia a\io\SLV»^xcai^%\si^^^'««^'^ 
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In the case of a superior planet in opposition the earth's 
motion makes the planet appear to travel westward 
fjEister than the planet actnallj moves eastward in its 
orbit, so that the apparent motion among the stars 
is westward, Mars 
seeming to move 
with a velocity of 
8| miles in a 
second, Jupiter 
with a velocity of 
10 miles, Saturn 
of 12 miles, Ura- 
nus of 14, and 
Neptune of 15, be- 
ing the difference 
between the earth's 
velocity and that 
of these several 
planets in their or- 

r., ^f . OONJUNCTION AND OPPOSITIOBr OF VENUS, 

Dits. ui course m ^hb kabth, and mabs. 

intermediate posi- mv i, 4.1, *,• * xv 

.. - *^ The arrows ahow the motions of the 

tions between con- Beveral planets in equal times. 
junction and oppo- 
sition, or superior and inferior conjunction, we shall have 
intermediate motions, the apparent movement being in 
every case retrograde for a greater or less arc about 
inferior conjunction or opposition. It may at first sight 
seem strange that the earth's motion should at the 
same time make an inferior planet at inferior conjunc- 
tion and a superior planet in opposition appear to move 
in opposite directions, but this is readily explained by 
the circumstance that the planets in the two cases are on 
opposite sides of us, it being understood that east and 
west merely refer to the sense in which a planet turns, 
a westward motion being in the same direction as the 
Sun's daily motion from its rising in the east to its 
setting in the west ; so that the east and west parts of 
sajr orbit simply depend on the poini iioTci 'S'iVAaVi ^e^ 
Bte Jooking at it, the east being to ouc \Qii\> «xi^ >^^ "v^V 
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to onr right as we look south, and just the opposite as 
we look north. 

Since Mercury and Yenns pass between the earth 
and the Sun at mferior conjunction they will sometimes 
cause partial eclipses, though from their small apparent 
size the amount of light they cut off, when directly 
between us and the Sun, is hardly appreciable, these 
planets passing over the Sun's disc as small round black 
spots, on account of which these phenomena are not 
called eclipses but Transits {i,e,y passages). Just as in 
the case of ecHpses caused by the Moon, such transits 
will only occur when the planet is near one of its nodes ; 
now if Mercury be in its node at one inferior conjunc- 
tion, when it next comes to inferior conjunction Mercury 
will have made 1^ revolutions, and the earth a third of 
a revolution about, so that it will be far &om the node 
of Mercury's orbit, and the planet therefore out of the 
direct line between the earth and the Sun. Next time the 
earth will have moved through two-thirds of a revolu- 
tion from the first position, and at the third conjunction 
will have returned nearly to the same point of its orbit, 
having completed very nearly one revolution ; if it had 
done so exactly there would be another transit, but 
after three inferior conjunctions the earth has still about 
^ of a revolution (17J days) to go, and is therefore too 
for from the node ; after another three conjunctions it 
will be ^ of a revolution short, and so on, until after 21 
conjunctions it has fallen a third of a revolution behind 
the starting place, so that the next conjunction brings it 
very near the node again (within one day about), Mer- 
cury having completed 29 revolutions in 7 years very 
nearly, and another transit may now take place. The re- 
turn to the node would fall between the sixth and seventh 
years, so that after 13 years there is a more exact 
return, and transits generally happen after this interval, 
though the eccentricity of Mercury's orbit introduces 
considerable irregularity into these -^^e^tloda. kik ^ksssss. 
refers to one node only, at ^© cASatet \X^'3t^ ^^^^^X^^ 
amotber series at transits. 
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In the case of Yenus, whose year is -^ of ours, ihe 
return to the node will take place very nearly after 8 
of our years or 18 of those of Yenus, Yenns being then 
only 1^ days from node may again transit the Sun, but 
after another 8 years she will be 8 days off, and the 
tilt of her orbit taking effect, no transit will occur ; nor 
will one take place again till after 235 years, when the 
error of 1^^ days of the motion of Yenus in every 8 
years has amounted to one-fifth of 225 .days, so that 
another of the five conjunctions which take place in eight 
years at different parts of the orbit of Yenus will now 
fall at the node. The ascending node of Yenns is in a 
line with the earth at the beginning of December, and 
transits have taken place in that month in 1681, 1689, 
and 1874, after which there will be another in 1882 ; 
at the descending node the transits, which occur always 
in June, are those of 1761, 1769, 2004, and 2012. 
Transits of Yenus are of the greatest value to the astro- 
nomer for the means which they afford of determining 
the Sun's distance, and thus fixing the scale of the 
whole solar system. The distance of the Sun is so 
enormous as compared with any base line we can get on 
the earth, that his parallax cannot be detenigiined with 
sufficient accuracy by the method used for the Moon ; 
but as the planet Yenus, when nearest, is only -f of the 
Sun's distance the parallactic shift will be ^, or 8^ times 
that of the Sun ; even this quantity is very small, and 
instead of attempting to determine it directly it is better 
to find the shift of Yenns relatively to the Sun. This is 
a slightly different problem from the other, for in this 
case we only determine how much more Yenus is 
shifted than the Sun, and not the absolute shift of 
either. When two bodies at different distances are seen 
on the same straight line the nearer appears to be 
shifted relatively to the other by a shift in the spec- 
tator's position, but in the opposite direction. If each 
body be removed to twice its distance from the spec- 
iSa^r, thus keeping the distances m \]he ^^^xxiQ ^tq^t- 
i/on, ihe amount of this shift "wiMl be \ielvftd» 'sq\3S^\»VL 



DETEBinNATIOK OF SUN*9 PABALLAX. 

they be each brought to half their original distances it 
will be doubled. If then the proportion of these dis- 
tances be known, the shift or parallactic displacement 
will enable us to determine both the distances. Now in 
the case of Yenus and the Sun the proportion of the 
distances can be found with the greatest accuracy by 
means of the periods of revolutions of Venus and 
the earth, as will be explained shortly, the approximate 
ratio found &om the changes in the diameter of Yenus 
being f. Thus the shift of Yenus being 3^ times tha!; 
of the Sun, her shift relatively to the Sun will be 2^ 
times the same quantity. The most accurate way of 
measuring the very small quantity we are dealing with 
is to refer it to the very slow motion of Yenus in her 
passage across the Sun's disc, by noting at two stations 
widely apart the exact instant at which that planet is 
seen to enter wholly on the Sun's disc, or to begin to 
leave it. In order that parallax may produce its 
greatest effect, on the time of ingress, the shift must be 
perpendicular to the Sun's limb where Yenus enters, and 
therefore the two stations should be separated &om each 
other in the direction of a line joining this point with 
the Sun's centre. 

In the transit of 1874 Yenus crosses the northern 
part of the Sun's face obliquely in a north-west direction, 
and Australia is nearly in the middle of the hemisphere 
which is turned towards the Suu at ingress, whilst the 
Indian Ocean occupies that position at egress s'^ine 8^ 
hours later. The best stations for ingress will there- 
fore be in the North Pacific and in the Southern Ocean, 
about 10^ due south of the Cape of Good Hope, and 
for egress in Siberia and on the Antarctic continent.* 
The greatest shift would be produced when the Sun is 
at opposite points of the horizon for the two stations ; 

* The explanation given in the case of the Moon's parallax, with 
the acoompanying figure, on page 51, will assist the reader in under- 
standing this clearly. In the lower leit-^iaxA ^v?Q^x^% ^^'^'«k^'«^*»«'^ 
Tenaa at egress on the Sun's disc Teveteedi, i.e»,«a >^^-«^^^\jfc^M^^ 
fkom the other side of the Sxm, U it wettt XsoDav^xecX. ^s^^^^aRSw^ 
hrough it. ' 
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but as in that ease we could not see the phenomenon 
well on account of the low altitude of i£ie Sun, the 
stations must be so chosen that the Sun is sufficiently 
high and yet that the parallactic shift is considerable. 

In the transit of 1882 Venus passes, still in a north- 
west direction, over the south part of the Sun's face, 
the transit occurring before she arrives at the ascending 
node. At ingress the east of Brazil, and at egress the 
West Pacific Ocean, are respectively in the middle of the 
hemisphere turned towards the Sun, so that ingress 
would be most retarded on the west coast of North 
America, and most accelerated at Kerguelen's Island, 
while for corresponding effects at egress Australia and 
the North Pacific would be the best positions. 

So far we have considered the effect of parallax on the 
ingress at two places, as distinct from the effect on the 
instant of egress, which is Delisle's method of treating 
the question ; and this implies that we can compare 
the clocks at the two stations so as to know the dif- 
ference of the two observed times. Now the only way 
of doing this for places not connected by telegraph is 
to set the clock to local time, and then to determine the 
difference between local and Greenwich time, or the 
longitude of the place, which may be done by the help 
of the Moon, as explained in Chapter HE., and if a large 
number of observations be made the value of the longi- 
tude so found will probably be true to a single second. 
Now the quantity we have to measure is, under the most 
favourable circumstances, only 60 seconds of arc, a mag- 
nitude barely visible to the naked eye, and Venus takes 
25 minutes of time to move over this space on the Son's 
disc^ so that an error of one or two seconds in setting 
the clock to Greenwich time at the different stations is 
not of so much consequence. 

Another method has, however, been proposed for 

taking advantage of this slow motion of the planet with- 

out the necessity of setting the clocks to Greenwich time. 

Suppose we can £nd a station at winoh Vn^e^E 'Nfri^\)^ 

aoceJerated and egresB retarded, and tiieieioi© \3aft toc%.- 
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tion of the i^diole transit lengthened^ and another station 
at which exactly opposite eiOfects will be produced and the 
duration shortened, then it is evident that it is suffioient 
to observe these two durations without comparing the 
clocks, and this is the method which Halley proposed. 
This difference of duration is the result of two causes : 
in the first place, an observer at a northern station will 
see Venus further south, and therefore nearer the Sun's 
centre, in the transit of 1874, which will lengthen the 
path across the Sun ; and, in the second place, the 
rotation of the earth will carry the observer further to 
the east at egress, and will therefore apparently shift 
Venus to the west, and so hasten the egress. But this 
latter cause affects both northern and southern stations 
nearly alike in the transit of 1874, so that we have only 
to consider the difference of paths, which will be greatest 
for stations in Siberia and the Antarctic continent, the 
north and south parts of the hemisphere turned to the 
Sun. In the Transit of 1882 the longer path will cor- 
respond to the southern station ; and further, as the South 
Pole is turned towards the Sun, if a station be taken 
near the south part of the earth's disc as seen &om 
the Sun, the earth's rotation will carry the place west- 
ward (the Sun being below the Pole), and therefore still 
further lengthen the duration of transit as compared 
with a place on the west coast of North America, where 
the earth's rotation combines with the parallactic shift 
to shorten the duration. But unfortunately some of the 
places which give the greatest parallactic dbift are prac- 
tically inaccessible, and astronomers have to be content 
with the best avaikble islands in the Southern Seas, the 
great Antarctic continent being virtually closed against 
tiiem. 

Before dismissing this subject we must allude to 
another valuable method, in which photographs of the 
Sun, with Venus as a black spot on his &ce, taken 
during transit, at northern and «o\]L^<ei£v>u ^^»^^\^^ ^^^ 
be made use of, the quantities \iO \>e OiOtoc^^^^^i^sisis^"^ 
this c&ae the distances oi tixe ^Yoa^^* ^^'o^ "^^ ^^«».% 
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centre, as measured afterwards on the photographs. 
The way in which these measures may he made avail- 
able wiU readily be seen by considermg that a comparison 
of the times when Venus is at the same distance from 
the Sun's centre for two stations is exactly equivalent 
to a comparison of the times when the planet is at the 
distance of the Sun's semi-diameter, i.e., on the Sun's 
limh at ingress or egress, the case which has heen 
already considered. The same result may he obtained 
by measunng the distance between the centres during 
the transit; but though such measures may be made 
with great accuracy, &e photographs have the advan- 
tage of giving a permanent record, which can be 
examined with the greatest care afterwards. 

Though Transits of Yenus offer the most fiEivourablo 
opportunity of determining the Sun's distance, they are 
such rare phenomena that astronomers have not been 
content wiUi trusting to them alone, but have obtained 
very accurate results from another planet. Mars, which, 
in opposition, approaches us almost as closely as Venus 
herself ; this is especially the case when the opposition 
of Mars takes place in that part of his oval where he 
is nearest to the Sun, which will bring him nearer to us 
by a fifth part of his average distance in opposition, 
whilst, if this take place in summer, when the earth is 
farthest from the Sun, the distance between the two 
bodies will be still smaller, being less than f of the 
Sun's distance. The mode of observation is exactly 
the same as in the case of the Moon, though the quan- 
tity to be measured is a hundred times smaller, so that 
there must necessarily be considerable uncertainty ; it 
appears, however, from the comparison of many obser- 
vations made in the northern and southern hemispheres 
in the favourable opposition of 1862, that Encke^s 
value of the Sun's parallax, deduced from observations of 
the Transit of Venus in 1769, was fully -]^ of a second 
of arc in error, and that the Sun's distance was in con* 
sequence £>Far-eflftimated by about one-VSoM^aaVJia. ^«s\»^ 
making it about 02 millions of miles inB\^«Aol ^5 TaSXvsaa^ 
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an error whieh has been referred to a misunderstanding 
about the place of the Transit seen by some of the ob- 
servers. This correction is supported by an indirect 
determination of the Sun's distance, from tiie velocity of 
light and the tune it takes to reach us from the Sun, in 
consequence of which eclipses of Jupiter's moons (of 
which there are four) are found to take place, on IJie 
average, 8^ minutes earlier than the predicted times, 
when we are nearest to him in opposition, and 8^ 
minutes later when we are on the opposite side and 
Jupiter near coigunction, light having then to traverse 
the extra distance across the earth's orbit as compared 
with the length of its journey in the former case, from 
which it is inferred Uiat light takes 16 J minutes to 
traverse the earth's orbit, which, with a velocity of 
about 186,000 miles a second, makes the distance of 
the Sun 92 miUions of miles. Nearly the same result 
follows from the relation between the velocity of the 
earth in her orbit and the velocity of light. If the 
earth were at rest we should see all &e heavenly 
bodies in their actual places, but as the earth is moving 
with about a ten thousandth part of the velocity of 
light, the light of a star will seem to come from a 
slightly different direction in consequence of our own 
motion. This effect was first observed by Bradley, and 
the true explanation of this apparent deviation in the 
position of a star (which he called aberration) was sug- 
gested to him by observing that when a boat was 
beating up against a head-wind, the vane pointed in 
slightly different directions according as the boat was 
moving in one direction or the other. Thus with a 
side wind the boat's motion would make the wind seem 
a little a-head, as by its passage through the air the 
boat would make a sHght head:wind, which, combining 
with the real breeze, would make it seem to blow a little 
from the bow of the boat, whichever way that might be. 
Thus, suppose the wind blowing from Ui<& i\.q;c^^^ ^2s^'^ 
IxMt be mling in an easteiVj ^ecNaoxL ^^^nkvb^^^k^^ 
aeeording to the vane, seem to ^oTCka ^Xii^^^^'^^*^*^ 
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east, say N.N.E., while it will apparently shift to 
N.N.W. when the boat sails in a westerly direction. 
The same effect may be noticed from the motion of a 
carriage, or when ruling with a side-wind, the reanlt 
being that the wind seems to come more from the 
direction in which we are moving. Jnst the same 
happens with the light of a star, which, Hke the wind, 
appears to come rather more in the direction in which 
the earth is moving. It is accordingly fonnd that the 
apparent position of a star shifts with the direction of 
the earth's motion, the shift being greatest when the 
earth is moving sideways with respect to the star's 
direction, and nothing at all when directly to or from 
it. The faster the earth moves the greater will be this 
apparent shift, and the proportion of the earth's velo- 
city to that of light will be given by the amount of 
sh&t. It may be remarked that the aberration of stars 
affords ns a direct proof of the motion of the earth 
round the Sun, as such a shift cannot be accounted for 
on any other supposition. In the case of the planets 
there will be a double shift caused by the planets' and 
the earth's motions together, and instead of allowing 
for both of these separately, it is more convenient to 
find, from the known distajxce of the planet at the in- 
stant, the time which Hght takes to reach us from it, 
and to consider that the observation was made so much 
earlier, or, in other words, to antedate the observation 
by this interval A little consideration will show that this 
amounts to the same thing as correcting for the shift ; 
for the earth's motion will shift the phmet apparently 
fomrard (t.^., in the direction of this motion) by the 
space through which the earth has moved while the 
ray was coming, and thus the planet will be seen in 
the same direction as if it remained where it was when 
the ray left it and the earth was shifted back to its 
position at the same instant, since, as we have ahready 
explained, such a shift of the earth backward wiU 
apparentij shift the planet forwaxd tYiTou^ V2ki^ ^axqa 
jspace. Tables being formed wHch ®Ne t^i^ ^^arf»% ^ 
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the planets and the earth at any instant, it is thus easy 
to compare the observations made at any particular 
time with the places from the tables for an instant pre- 
ceding this by the number of seconds which Hght takes 
to cover the distance between the planet and us, and 
thus the accuracy of the tables can be checked and 
corrections to them made when necessary. 

On comparing the velocities of different planets with 
their distuices from the Sun it will be seen that the 
former decrease as the distances increase, but not so 
rapidly ; thus the velocity of Mars is half that of Mer- 
cury, but his distance is four times as great; the 
velocity of Saturn is one-third that of the earth, but 
his distance is about nine times as great ; the velocity 
of Uranus is about one-fifth that of Venus, whilst his 
distance is nearly twenty-five times as great. Now 
these numbers (which are only approximate) suggest a 
connection between the velocity of a planet in its orbit 
and its distance from the Sun, of such a kind that the 
distance increases as the square of the velocity de- 
creases ; thus the square of the velocity of Mars is one- 
fourth tiiat of Mercury, while the distance is four times, 
and where more exact calculations are made this rule is 
found to hold in all cases. This great law was disco- 
vered by Kepler, and was put by him in a slightly 
different form, viz. : — that the squares of the periodic 
times, or years, of the several planets increase as the 
cubes of Uieir distances from the Sun ; which follows 
from what has just been stated, since the period in- 
creases as the size of the circle increases and as tiiie 
velocity decreases ; so that the square of the periodic 
time increases as the square of the distance &om the 
Sun increases, and as the square of the velocity de- 
creases ; but the square of the velocity decreases as the 
distance increases, whence finally the square of the 
periodic time increases as the cube of the distance. 
This is known as Kepler's Third LatiD^tL<^ Qtil;^<bx:^^^ 
whieb were derived from la\)OTio\]i& <i«^a\il1a^to^^<2^^^ 
on a large number of ob6erva\ioTi^ ol >2>[i^ ^g«a.^^^^^»jK^ 
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in the first instance, and afterwards extended to the 
other planets, are : first. The planets describe ellipses* 
(or ovals), of which tibe Sun occupies one focus; 
second, tiie motion in these curves is more rapid in 
the part of the curve nearest the Sun, so that the fan- 
shaped sector which the line drawn from the Sun to the 
planet dweeps out in one day (or in one month) will be of 
the same area, though of a different shape, in all parts 
of the orbit, the angle being larger when the distance 
from the Sun is less. If the oval orbit be cut oat of 
cardboard and cut through the points where the planet 
is at the beginning of each month, so as to form wedges 




MOTION IN AN ELIJPSB. 

The arcs marked off are each described in a month or twelfth 
part of the planet's year. The lines from the arrows to the cunre 
show the space through which the Smi draws the planet, in a month 
imd in half a month respectively. The ellip-e is rather more oval 
than that of the Minor Planet Polyhymnia, and twice as oval as that 
of Mercury. 

* An ellipse is an oval curve, which may be traced by tying two 

ends of a piece of thread to two pins fixed on a ^wing ooiurd, so 

that the thread is more or less slack, and running a penSl round in 

the slack of the thread. The two pins will be at the two foci, and 

aoooiding as the thread is more or less alack, i.e., thA 'i^\iA\ftov»* 

tfonateljr nearer or further apart, the eUlpae viVu \m leaa ox xc^snA 
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having their points at the place of the Son, all these 
wedges will be of exactly the same weight. 

These three laws were established by Kepler as a result 
of observation ; it remained for Newton to discover the 
principle from which these motions followed, in the law 
of Universal Gravitation, by- virtue of which every 
particle in the universe pulls every other particle 
towards it with a force which decreases as the sqaare of 
the distance between the particles increases. Newton 
proved by pure reasoning that such a force would be 
capable of making the planets move about the Sun in 
accordance with Kepler's Laws, if the Sun were sup- 
posed to consist of on enormous quantity of matter (in 
correspondence with his vast size) which would pull the 
planets, without their pull on him having much effect in 
moving his large mass. Similarly, the attraction be- 
tween the earth and the Moon would be capable of 
making the Moon move in such an orbit as she actually 
describes. The next step was to show that the attrac- 
tion of the earth, which makes an apple fall, is really 
the force which keeps the Moon in her actual orbit. 
Now an apple (or a stone) at the earth's surface falls 
sixteen feet in the first second through the earth's 
attraction, and at the distance of the Moon, which is 
sixty times as far from the earth's centre, it would fall 
^Hq of a foot, or about ^ inch in the first second if the 
force decreases as the square of the distance increases. 
Now the Moon really fjolls towards the earth by exactly 
this amount, though not in a direct line, for if left to 
herself at any instant she would go off in a straight 
line ; but the earth gives her a pull which brings her 
into a curve, and the distance between her position in 
this curve and the straight line in which she would 
have gone off one second before, represents her fall 
towards the earth in the first second, which is found to 
be exactly ^ inch. It may appear difficult to under- 
stand how tiie Moon can be continually foiling tow8xd& 
the earth 'Without ever xeacbin^ \\.> "Vs^ ^N» \ssa!^\i«k 
remembered that her moUon, li Xeft^ fe«i^ ^^» «5^1 *\wfiw5^> 
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continnally tends to carry her away, and that it requires 
a continual fall towards the earth to keep her in her 
course, this fall being, of course, in different directions 
at different parts of her orbit, since it is always directed 
towards the earth. This continual fM '^ towards the 
centre of motion is made sensible in a railway carriage 
running along a sharp curve ; the passengers seem to be 
thrown outwards, because their tendency is to move in 
a straight line whilst the carriage is kept to the rails 
and being continually pulled towards the centre of the 
curve. In the same way if a stone tied to a string be 
whirled rapidly round, a strong pull on the hand holding 
it will be felt, and as soon as the string is let go the 
stone will fly off in the direction in which it was going 
at that instant. Although it is convenient to speak of 
the earth's attraction on the Moon, or the Sun's on the 
planets, yet really the earth does not pull the Moon 
more than the Moon pulls the earth, the law of gravi- 
tation being merely that there is a pull between them 
which tends to bring them closer together, but the 
earth, being more massive than the Moon, will not be 
moved so much. The case of a large and small stone 
tied together by a string and flung into the air will 
illustrate this ; the pull on each, communicated through 
the string, is the same, but the small stone will cirde 
round the large one, which pursues nearly the same 
course as if alone, being hardly disturbed by the pull 
through the string. With the earth and Moon the 
real state of the case is that every particle of the Moon 
pulls every particle of the earth, and every particle of 
the earth pulls every particle of the Moon with equal 
force, but there being more particles in the earth, the 
pull of the earth on any one particle of the Moon is 
stronger than the pull of the Moon on any one particle 
of the earth, though the pull of the earth on the. Moon, 
as a whole (t.«., on all its particles), is exactly equal 
to the pull of the Moon on the earth as a whole. In 

* Tbia word ia here used in an esitended oeoBe^A cs:gcesAV2D.«t&- 
^fo^ of a pull towards any centre, not merely to l2bB «8X^ii^ centota. 
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consequence of this matoal pnll both the earth and Moon 
will move about a point in the line joining them, which 
is much nearer the earth than the Moon. This point is 
commonly called the centre of gravity of the two bodies, 
and is such that if we imagined them connected by an 
enormous rod, they would balance about this point, just 
as a large and small stone fixed at the two ends of a stick 
will balance about a point of the stick nearer the large 
stone. The motion of the earth and Moon wiU then 
be exactly the same as if they were connected by an 
elastic string, a certain point of which (the centre of 
gravity of the two bodies) is made to revolve round the 
Sun once a year, whilst both earth and Moon whirl 
round this point in eUipses once in a lunar month, the 
string stretching more or l6ss, so that the distance be- 
tween them alters. The motion of the Moon as seen 
from the earth will then be exactly the same as if she 
were moving in an ellipse about the earth at rest ; but 
the earth's motion about the Sun will not be an exact 
ellipse, but an orbit, something like that of the Moon 
round the Sun, though the deviation from a true ellipse 
(caused by the pull of the Moon) is very much less. 

One consequence of this pull on the earth remains to 
be noticed, viz., the tides. These are caused by the 
attraction of the Moon and Sun pulling the waters of 
the ocean, which are turned towards them (and there- 
fore somewhat nearer) more than the solid mass of the 
earth (which is pulled just as if it were aU collected at the 
centre), and thus the water on the part turned towards 
the Moon is heaped up, and similarly for the Sun's 
action. Again, the Moon (or Sun) pulls the earth 
more than the water on the other side, and therefore 
draws the earth away, causing high water also on this 
side. From this it would follow that there would be a 
lunar tide with high water when the Moon is on the 
meridian (both above and below the horizon), and also 
a solar tide with high water at noon and midnight. 
And this tide will be biglnet \3!DLft Tifc^tct *Qckfe "^s^ssl V^ 
Moon) 18 to the Zenith or ^Ohdii oi \Jsi'ek ^v^&'i^^-^tissBRR^ 
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it follows that in summer the higher of the two solar 
tides is at noon, when the Son is nearer to the Zenith 
than it is to the Nadir at midnight, whilst in winter 
the opposite is the case ; and similarly for the Moon, 
according as she is north or south of the equator. 
In all this the earth's rotation has heen neglected, the 
effect of this being to make the time of high water 
somewhat later, as the Moon has passed the meridian 
before its attraction has had time to produce its effect ; 
and further, the reasoning only applies to the open 
ocean, there being no sensible tide in lakes and inland 
seas, where no great mass of water is acted on ; oven 
in the Mediterranean the rise of the tide is hardly per- 
ceptible. In channels and narrow seas the tidal wa^e 
comes from the ocean, and often takes many hours to 
traverse them ; this will make high water so much 
later, giving rise to what is known as the Establishment 
of the Port, or the time that high water is after the 
meridian passage of the Moon and Sun, when they 
transit together at New and Full Moon. Since both 
Sun and Moon produce tides, they will, when pulling in 
the same or opposite directions, cause a much higher 
tide than when pulling at right angles, the high water 
caused by the Sun in the latter case partly filling up the 
low water due to the Moon, whilst at New or Fidl Moon 
the times of high water from both sources are the same, 
and they conspire to produce high tides, known as 
Spring Tides, those at first and last quarter being called 
Neap. The time of high water in the open ocean is in 
the latter case intermediate between the meridian pas- 
sages of the Sun and Moon. 

The height of spring tide at any place is found 
to be about 2^ times that of neap at the same 
place ; and as the solar tide is added to the lunar 
in the former case and subtracted from it in the 
latter, it foUows that the effects of the Moon and 
Sun are as 5 to 2. Now the effect of the Moon in 
JTUBing B tide (beiig the difference oi \ieit ^xi^ on \3[i^ 
n7t^ and on the earth^s centre^ \a ttxe tq»»^ o\ ^^ 
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Moon moltii^ed by the difference between ^ squared 
and -^ squared, ¥^ch is very nearly twice the mass of 
the Moon divided by the cube of 60.* Similarly the 
effect of the Sun will be twice his mass divided by the 
cube of his distance (expressed in radii of the eartii, as 
in the case of the Moon), which is 28,200, and this 
latter effect is |- of that of the Moon, so that his mass 
is about f of 28,200 cubed divided by 60 cubed, or 
nearly |- of 400 cubed, ue,, 25 million times that of 
the Moon. Now the Sun's diameter is 108 times that 
of the earth, whilst the earth's is not quite four times 
that of the Moon, so that the Sun's diameter is about 
400 times that of the Moon, and his bulk 400 cubed 
(or 64 million) times the Moon's, the bulk of a globe 
being proportional to the cube of its diameter. From 
this it follows that, as the Sun's mass is ^ of 400 cubed 
times the Moon's, his density is f of hers, the densities 
being proportional to the quantities of matter in equal 
bulk. This is only a rough approximation to the truth ; 
indeed the method is not susceptible of any great 
accuracy, and is only given as an instance of the way 
in which one heavenly body may be weighed, as it were, 
against another. In the case of the earth and the 
Sun, Kepler's Third Law enables us to find the pro- 
portioii of the masses pretty accurately ; for it is easy 
by this law to find iiie velocity witiii which a body 
would go round the Sun at the same distance as the 
Moon from the earth, though this is a purely ideal case, 
since the Sun's diameter is much greater tiian that of 
the Moon's orbit. The earth's distance from the Sun 
is nearly 400 times that of the Moon from the earth, 
whence the square of the velocity of this imaginary 
body going round the Sun would be 400 times the 
square of Qie earth's velocity in her orbit ; and as 400 
is the square of 20, we have the velocity of the fictitious 
body equal to 20 times the earth's velocity, or 864 
miles a second ; whilst the Hoou*^ n^V^^ tss^^ *^&& 

V 



82 BBLATIVE MASS AND DENSITY OF SUN AND BABTH. 

inflnence of the earth's attraction is a little over ^ 
of a mile in a second. Thus the Snn's attraction 
can retain a body in an orbit of the same size as the 
Moon's when moving with a velocity nearly 600 times 
as great as hers, so that as the earth polls the Moon 
towards it through -^ inch in one second, the Sun 
would pull a body at the same distance through this 
space in ^^ of a second. Now from the laws of fivlling 
bodies, a body pulled through -^ inch in j^ second 
would be pulled through 860,000 twentieUis of an 
inch in one second;* so that the Sun's pull in one 
second is 860,000 times that of the earth on a body at 
the same distance, and therefore he must have 860,000 
times the number of attracting particles that the earth 
has — in other words, his mass is nearly 860,000 times 
that of the earth ; but his bulk is 108 cubed, or about 
1,250,000 times that of the earth, so that his density is 
only a quarter that of the earth, or about 1^ that of 
water, ttie density of the earth, as we shall presently 
see, being about 5^ times that of water. The Moon's 
density is nearly 2J times that of the Sun, and there- 
fore nearly % that of the earth, and her mass about -^ 
of the earth's mass. The above method may be ap- 
plied to find the proportion of the mass of any planet 
which has a moon, to the Sun, all that is wanted beiiig 
the distance of its moon and the length of the lunation ; 
but in the case of other planets the problem is more 
difficult, though astronomers are able to make a fair 
approximation to the masses of such planets by the 
help of the attraction which they exert on their neigh- 
bours, pulling them a little out of the course which 
they would pursue if the Sun were the only attracting 
body, as he is by far the most important. The devia- 

* A heavy body on the earth falls through about 16 foet in the 
first second of its fall ; 64 c= 4 X 16 feet in two seconds from the 
start ; 144 =s 9 X 16 feet in three seconds ; its speed increasing aa 
the number of seconds from the start, and uie space through which 



Jt is palled hv gravity as the square of the tLumber of seoonda. 
ne win apply to fractions of a second, \3ae ^'^OkCA >i}ivraa^ 
wluch a bodyfaUa in ,5, of a second \»mg -{(? X Y^ «-V^ \wi\Oia. 
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tions from exaet ellipses round the Sun are, however, 
so small that it is only where great accuracy is aimed 
at that Eepler*s Laws have to be slightly modified, the 
only exception being the Moon, which is greatly dis- 
turbed by the Sun*s attraction, though the earth is still 
for her the preponderating influence. 

It remains now to determine the mass of the earth 
as compared with our unit of mass, a pound (or a 
kilogramme). Three methods have been used for 
solying this problem. The first compares the attraction 
of a mountain with that of the earth by observing the 
deflection* of a plumb line on opposite sides of the 
mountain^ the angle between the zenith (which is the 
direction of the plumb line) and the pole being 
measured, and allowance made for the distance in 
miles that one station is north of the other. Now 
the mass of the mountain in pounds can be found from 
its size and average density, and its average distance 
from each station being known, as well as that of the 
earth's centre, the comparison of the attractions of the 
earth and mountain gives the mass of the earth in 
terms of that of the mountain, and therefore ultimately 
in pounds. In this way Maskelyne found that the 
attraction of the Scotch mountain Schehallien was 

^^^^ 40.0 00^ P^ ^^ ^^^^ 0^ ^® earth, and the 
same method has been applied to other mountains. 
The second method is known as the Cavendish experi- 
ment. In this case the deflection of two balls con- 
nected by a light wooden rod, and suspended in a 
horizontal position by a long wire attached to the 
middle of the rod, was observed when two large 
leaden balls of known mass were brought near the 
suspended balls. The attraction of the earth on the 
latter could be inferred from the time in which they 
vibrated horizontally (by the twisting and untwisting 
of the wire), and the proportion of the eQj:^^'^ ^.iiss^fif^ss^ 
to that of Uie leaden balls i7aB \ka^ c?(A^\ii<^^ «x^^<^ 
this the maaa ot the eaxtli. TVxe> ^xmciY^'e^ cJl KJaa ,^^^^^ 
method, wbieb v^as appliea \>^ «>Vt Qi wx^?^ ^^sn ^ ^'^ 

TV 9. 
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Harton pit, is to find the difference betwe^ tfao at- 
traction of the earth at the surface and at the bottom 
of a coal-pit, where the attraction of all the outer layer 
produces no effect. In this case the attractions were 
measured by observing the number of vibrations made 
in equal times by a pendulum at the surface and at the 
bottom of the pit, the force which makes the pendnfann 
oscillate varying as the square of the number of vibrar 
tions in a given time. A pendulum at the bbttoim cf 
the pit was found to gain 2^ seconds a day more i)in 
at the surface, and the density of the earth was lieipqi^ 
concluded to be about 6^ times that of water. Thu 
other methods gave smaller values, so that the ayepfl^ 
of all the determinations gives a density of aboat- tf| 
times that of water, or twice that of surface stiflih 
The bulk of the earth being known in cubiq fpjhft 
from its radius, there is no difficulty in caloulaiiiig 
its mass in pounds ; but the number is so enomiOLpiiiig 
that it conveys no idea to the mind, and is tlipfftfapft 
not given here. ' , 

A curious progression has been observed to ho^ 
approximately in the distances of the planets from ib^ 
Sun; and, though no reason has been given for aig; 
such law, it is a useful aid to the memory, and desemi. 
mention from its having called attention to the.gafi 
between Mars and Jupiter, and thus led to the discove^j 
of the minor planets. According to this so-call§d l|nf 
of Bode (or Titius), the intervals between the orbit pi 
Mercury and those of the other planets go on doi]bliiu| 
as we proceed outwards, the distance from the Sim i^ 
the several planets. Mercury, Venus, the Earth, &e.| 
being roughly as the numbers, 4, 7i 10, 16, 28, 52, dsci 
or, 4, 4+8, 4+8x2, 4+8x4, 4+3x8, 4+8x16, 
&c. ; but it must be remarked that the distance of 
Neptune, according to this law, should be 892 instead 
of 800, its real value. 
Thus far the size and denmty oi ^e ^\&XL<bV& V^'^i^ booii 
considered, but when they are examm^^ ''nSScl ^ ^y«t- 
ad teleaoope crome farther iBiotma^ou to»i1 \i^ i?aa»^ 
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chief pdut b^g the determin&tion of ths period of 
^n, which is found, aa in the case of the Snn, by 
ofaing the moTement of any markinge which may be 
a on the disc. In this respect the planets, which all, 
ar as is known, tnm from weat to east, like the Sun 




the earth, may be divided into two classes, the fonr 
ar. Mercury, Venns, the Earth, and Macs, Tota.tia%m. 
at the same time, wlnlHt ftie. i«g ^"n ^'WJJwit ■»a^ 
TO (and probably for TJioima aiia."Sw^^a^ ■*»• ?^^ 
ware. IntheoaBeof^«wn^»ai.N«»9.,««-*«'^*^ 
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as to markings or spots is so conflicting that very little 
confidence can be placed in the values given for the 
length of their day. They are generally seen as brilliant 
spotless discs, gibbons or homed, like the Moon ; Yenns 
in particular being so dazzlingly white in a powerfol 
telescope as to require the use of a coloured glass to 
moderate her light. Mercury is about three-eighths of 
the size"*" of the earth, whilst Venus is slightly larger 
than the earth, and of about the same density. Next 
to nothing is knoyrn of their physical nature, except that 
they show in their transits across the Sun signs of an 
extensive atmosphere, giving rise to a ring of light, 
which is seen round the edge outside the Sun's disc, 
and probably the cloudy state of this atmosphere 
prevents our ever seeing the real body of either. 

The case is very different with Mars, which exhibits 
well-defined ruddy and blue-grey markings^ which have 
been called respectively continents and seas, besides 
white spots at the poles of rotation, which are supposed 
to be snow or ice. These conclusions can only be 
accepted provisionally, but there is, at any rate, more 
justification for the terms than in the case of the Moon, 
Mars having probably an extensive atmosphere. He is 
rather more than half the size of the earth, and of 
somewhat less than i of its density. 

Of such minute bodies as the asteroids nothing is to 
be made out, but the next planet, Jupiter, is a magni- 
ficent spectacle, being more than ten times the size 
of the earth, though only ^ of its density, and 
attended by four moons about tiie size of ours. These 
sometimes cross his disc, the shadow being also seen to 
traverse it, thus causing an eclipse of the Sun to the in- 
habitants of Jupiter; whilst at other times they are 
themselves eclipsed in the planet^s shadow, or occulted 
behind his disc. These two latter phenomena are quite 
distinct, the former taking place when the satellite is 
hidden from the Sun, though to ua, petYtAr^^^^^^gaxently 
b£ some distance from the planeV& ^ec^ \£i!&'\aXHAT^\i»Qk 

* Tbia word ia used as xeferring to eaax(xetoc,ttf:^.\»£QL« 
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the satellite is hidden from us. The times at which 
these two phenomena occur will be different unless 
the earth and Sun happen to be in a line with the 
planet, which will be the case in opposition. Before 
opposition, Jupiter being eastward of the prolongation 
of the line joining the earth and Sun, the eclipses 
will take place when the satellites are west of the 
planet, the earth looking round that side as it were, 
whilst after opposition the reverse will be the case. 
The motions of the satellites are eastward, and, like 
our Moon, they appear to turn on their axes once 
in each revolution round the planet, certain variations 
of brightness having been observed to recur at such* 
intervals, as if a dark and a bright side were turned to- 
wards ns in succession. Their orbits are very slightly 
inclined to that of Jupiter, so that eclipses of the three 
inner moons occur every lunation, and of the fourth 
very frequently, Jupiter's shadow being large as com- 
pared with their distances. Their periods are If, 8^, 
7^, and IGf days respectively, and their distances 6, 
Of, 15^, and 27 times the radius of the planet. 

The disc of Jupiter is usually distinguished by several 
bright belts parallel (or nearly so) to his equator, which 
have been supposed to be clouds formed by the trade 
winds, which, from his rapid rotation, must be nearly 
due east, and the rapid clmnges in the form of the belts 
confirm this idea. Some of the belts are reddish, with 
dark belts between of greenish grey, and this variety of 
hue seems more marked in some years than in others. 

Somewhat similar belts are seen on Saturn, but the 
striking feature of that planet is a wonderful ring, or 
rather system of rings, 70,000 miles in diameter, or one- 
third the size of the Moon's orbit, which we see more 
or less edgeways, they being inclined some 28'* to 
Saturn's path. When we are nearly in a line with the 
crossing points (or nodes) of the ring with our ^Iiucl<^^ 
thej are seen as a bright fine ^m^ cio^'«vsk% "^^ ^s^sas^^ 
paraUel to the belts ; tiuB Ain^ ^^«^^^«t^ "^^^^^ 
when we aee the rings exM\.\5 e^^e^^l^^^^ ^^^^ 



thicknees must be very Bmall, not more than a fev 
handled miles. These disappearanoea viU occur ai 
intervals of aeaxly fifteen yetu^, half the Satnmian year, 
there being two parts of his orbit correBponding to onr 
Bpring and antnmn, for which the ring is pkoed edge- 
ways with respect to the Stm, and therefore ne^y bo 
to the earth, which to an inhabitant of Saturn never 
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seems to wander more than 6^ on either side of the Snn. 
When the earth and Sun look at opposite sides of the 
ring (which is sometimes the case about the time of dis- 
appearance) it will only be seen as a black belt crossing 
the planet, and invisible outside the disc ; in such cases 
there will be two disappearances close together, the 
first when the earth crosses from the bright side to the 
dark, and the second when it returns from the dark to 
the bright side of the ring. The phases presented by 
Sajtom's ring are exactly analogous to the appearances 
of the earth's equator to a spectator on the Sun, which 
wa have already described with reference to the seasons, 
remembering tibat the year for Saturn is nearly thirty 
of ^onr years, and that we do not always see the rings 
epoaedy Bi& they would be seen from the Sun. 

Thus, starting from what would be spring for Saturn's 
northern hemisphere, when the ring is seen edgeways, 
the northern side will be presented moro and more frilly 
to us, till, after 7i years, we get to Saturn's northern 
summer ; the rings will after this appear to close up, 
disappearing at Saturn's autumnal equinox after 7i 
years more, from which point the southern side is 
seen for 15 years, going through the same phases as 
the northern. 

The £fystom of rings consists of three bright and 
an interior dusky ring, which seems to be semi-trans* 
parent, allowing the body of the planet to be seen 
through it. How such a system can be preserved 
against the slightest disturbance from the attraction of 
oUier bodies has puzzled mathematicians, and after 
making various hypotheses they have been forced to the 
conelusion that the rings, if solid, liquid, or even gaseous, 
must inevitably end in being precipitated on to the 
planet unbroken, the only available alternative being 
that each ring, instead of being a coherent mass, con- 
sists of a large number of minute bodies revolving round 
Saturn like satellites, and iorum^ «xi ^^^^^^sys^ ^^sscs^fo- 
what dmUar to the Zoaia^^X ^y^i^H* tq«sA *^iaa "^^^^ 
Sakirn ia nearly ten timea ttie Asl^i ^"i *^^ ^^seSa^^xs^ 
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only on the whole one-ninih as dense, or two-thirds the 
density of water, bat how much of his bulk is com- 
posed of atmosphere we have little means of jndging, 
and can therefore say nothing of the density of the trae 
body of the planet (if he have any), though we know 
that his mass is 100 times that of the eartti, his bulk, 
including his atmosphere, being nearly 1,000 times the 
earth's. A similar remark applies to Jupiter, whieh 
has also, in all probability, a very extensive atmo- 
sphere. Saturn is attended by eight moons, revolving in 
periods ranging from 1 to 80 days, and at distances of 
from 8^ to 64 times the radius of the planet, or from a 
half to ten times the distance of our Moon. 

Uranus and Neptune are so far off that very little can 
be made out about them, except that they have nearly 
circular discs of ^ and 8" apparent diameter respec- 
tively, corresponding to a real diameter of ^\ and h\ 
times that of the earth, whilst the density of Uranus is 
a fifth, and that of Neptune, a seventh of the earth's, 
or not far from the density of water. Four satellites to 
Uranus and one to Neptune have been discovered up to 
the present time, but there are only two or three tele- 
scopes in the world capable of showing them, so fioint is 
their light. In the case of Uranus, the moons move in 
paths very much inclined to that of the planet round 
the Sun, and in a retrograde or westward direction. 

The conditions to which the several planets are exposed 
are so various that it is difficult to form any conception 
of their state ; to Mercury the Sun appears seven times 
as large in area as to the earth, whilst to Neptune he 
appears of only ^^th the area, and the amount of light 
and heat received by these bodies will be proportional 
to the apparent area of the Sun*s disc, and therefore to 
these numbers. What proportion of this heat is re- 
flected away into space by the atmospheres of the 
several planets is not exactly known, nor the effect that 
clouds may have in preventing the radiditioTQL of keat 
wbieb takes plAce with a clear aky, \>ut \\i \% dc^^oSi^iNA 
V Jiow caoBes of Ods kind coidd oi^x«A» Vi «a^wi 
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extent as to raise the surfaces of the outer planets, 
Uranus and Neptune, much above the temperature of 
space, which is known to be nearly three times as fJEur 
below the £reezing point as that is below the boiling 
point of water, though internal heat may in these bodies 
be far greater than that of the earth, and thus keep up 
a comparatively high temperature without much help 
from the Sun. 

Further, the force which makes bodies fall must be 
very different for the several planets. On the Sun it 
would be twenty-seven times that on the earth, on 
Jupiter two-and-a-half times, on Saturn and Venus 
about equal to gravity on the earth, on Mars and Mer- 
cury one-half, and on the Moon only one-sixth, whilst 
on the asteroids it would perhaps range from ^ to 
g^. The weight of the same body being so different 
at the surfaces of different planets, volcanic and other 
forces of expansion would produce very different effects ; 
and the same remark applies to muscular force. A 
man who can jump 5 feet high on the earth would be 
able to jump 80 feet on the Moon, and some 2,500 feet 
on the smallest asteroid, whilst on Jupiter he could only 
jump 2 feet, and on the Sun only about 2 inches ; and 
the muscular effort required to raise a mass of 100 
pounds on the earth would raise 600 pounds on the 
Moon, but only 4 pounds on the Sun. Further, the 
rapidity of rotation, which tends to throw bodies off 
at the equator, varies greatly for the different planets, 
being very large in the case of Jupiter and Saturn, 
which causes a bulging out of their equator to the 
extent of ^ and ^ of their diameters respectively, 
that of the earth being only ^^, and of Mars ^. 



CHAPTER V. 



The bodies which we have next lo ^Q»\i^\^^\.^ ^^^s^^s^ 
belongings at least tempoivni^ , \o "^^ ^^^«a^ ^''^f^ 
present peciUiaritieB YrlaoVx w\j«t^^ife VJosasa. ^-a!Og^s«= 
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from all the planets, whether large or siflall. Whilst 
the planets axe massive globes with definite bonnd- 
aries, comets are diffused bodies with no distinct 
outline, and generally of enormous volume, but of 
such small mass that no appreciable disturbance is 
caused in a planet's motion even by the near approach 
of one of these strange bodies. But it is not only 
in their constitution that comets differ from planets ; 
thejjT are equally remarkable for the irregularity of 
their motions. Thus in a single day the comet of 
1472 moved in the heavens through 40^ (a ninth of a 
complete circle), and that of 1861 through 12°, the 
apparent motion afterwards slackening till it becamie 
hardly sensible, and other comets have moved nearly 
as rapidly for a time. A considerable part of this 
large apparent motion arises from our o^ motion in 
the opposite direction to that of the comet^ which in 
the cases referred to was very near the earth at the 
time, and this parallactic effect must, as in the case of 
the planets, be allowed for before we can find the true 
path of the comet about the Sun. 

We saw that all the planets moved in one direction in 
nearly circular orbits very slightly inclined to the earth's 
path (except in the case of some of the minor planets), 
but comets are found in all parts of the heavens, and 
moving in all directions, the ellipses which they describe 
being commonly much inclined to the earth's path, and 
so much elongated that in most cases they cannot be dis- 
tinguished in the portion near the Sun (which is the 
only part where we can follow them) from another 
curve called a parabola, which is something like the 
half of a long ellipse, the distinction being Uiat in the 
parabola the two branches separate further and fur- 
ther, and never come round, as is the case with the 
ellipse. The motion in these parabolas is, however, 
strictly regulated by Kepler's Second Law, that the 
lEwctorB (or wedges) formed by lines tok^ni \a \&i<^ Btih 
i^t^Q? ilie comet every day are ec^usA. Va wce^b, ^ ^%»\ 
'^ motiokt in the part near ttie Btm i& elcocAM^l 
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rapid, to xn^e up for the shortness in the radii of the 
sector. Thus Newton's comet of 1680, which passed 
within a third of the Son's radius from bis surfJEice, had 
a velocity of 250 miles a second when nearest to him, 
whilst that of 1843, which passed even closer, almost 
touching the surface, had the still greater velocity of 
870 miles a second, taking only two hours to go half 




ORBITS OF COMETfl. 

Biela's and Tattle's comets are taken as types of the Jnpiter and 
Saturn class of comets respectively, and the orbits are ^ade slightly 
less oval than tiie actual paths, to show hovir an ellipse may toucm 
(he Earth's path on the outside and Jupiter's or Saturn's path on 
the inside. 

round the Sun. On the other hand, the comet of Faye, 
which revolves round the Sun in 7 years and 5 months, 
resembles the planets most in its motiQT:i& «a^4. v^ ^ 
orbit, fbongb its least distanQQ ixoxci NliciK^ ^^^^ ^'^ ^^^ 
Aofita greatest, wbilat foi ^<eicwi \H^ Ns^ V^w^^sa 



94 OBBtra ot ooinsts. 

one of the small planets, Polyhymnia, it is |, this 
being the most oval orbit among the planets. With 
regard to the inclinations of their orbits, comets seem 
rather to avoid the ecliptic, only ^ of the whole num- 
ber having inclinations lying between (f and 80^, whilst 
about f lie between 30^ and 60^, and an equal propor- 
tion between 60° and 9(P ; and further, the motion in 
these orbits is about as often retrograde as direct, 
though the great majority of the periodic comets cir- 
culate in the same direction as the planets, while of 
those which move in parabolas (or exceedingly long 
ellipses) two- thirds have a retrograde or westward 
motion. The orbits of the periodic comets are also 
generally not much inclined to the paths of the earth 
and other planets. 

Comets are 'as various in their aspects as in their 
movements, but there is a family likeness binding 
them all together, and indicating that they are all 
subject to somewhat similar cpnditions. A large pro- 
portion are exceedingly faint objects, only to be seen in 
large telescopes as small spots of hazy light, very 
few being visible to the niJsed eye, though four or 
five new comets are on the average picked up every 
year. In old times comets generally burst unexpectedly 
on the view, but this is hardly ever the case now, as 
astronomers are continually on the watch to detect any 
comet as soon as it can be seen in a powerful telescope, 
80 that by the time it has become at all conspicuous its 
path is well determined, and the brightness it will 
attain is tolerably well ascertained. Since the invention 
of the telescope, astronomers have been able to watch 
the growth of large comets from their first appearance, 
as spots of nebulous light, and have thus formed some 
idea of the development of the different parts of which 
a comet consists, viz., the nucleus, the coma or head, 
and the tail. Taking the case of a large comet before 
Ob approach to the Sun, nothing will probably be seen 
^/^t the bead — a masB at haay light, mtJh «i.\>Tv^\» ^\si\i 
^^ centre celled the nacleusi 'wlidcYi \e o^u ^^is^ 
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in the small eomets. As the comet comes more nnder 
the Son's inflnence near perihelion, the nndens com- 
monly throws out jets of light towards the Son, which 
ennre back and apparently give rise to the tail — a band 
of light sometimes extendmg many degrees from the 
head (120^— or a third as much again as the distance 
from the horizon to the zenith — for the comet of 1861), 
and having a real length in some cases exceeding the 
distance of the earth from the Son. Ordinarily the 
tail does not attain its fall development till afker the 
approach to the Sun, and the same is true of the jets 
emitted from the nucleus ; but the apparent length of 
tail is greatly affected by foreshortening. Its general 
form somewhat resembles a parabola, with the nucleus 
as focus, and having a dark division running along its 
axis ; but in many comets it is considerably curved back- 
wards like a plume, and there are frequently secondary 
tails darted out in other directions in the form of a fieui, 
besides occasionally a sort of spurious tail directed to 
the Sun. Of the causes which produce these tails 
nothing is certainly known, though there seems very little 
doubt that they are due to a repulsive force of some 
kind from the Sun, modified by the action of the 
nucleus; but on what this force is exercised seems 
an open question, as it is almost incredible that 
matter could be projected with such an enormous 
Telocity — a tail 60 millions of miles long (two-thirds the 
intervid between the earth and the Sun) having been 
formed in two days in the case of the comet of 1680, 
and a still longer tail in a single day in the comet of 
1848. But until further observations have been accu- 
mulated, it appears hopeless to attempt an explanation 
based on an imperfect knowledge of the facts. 

Of late years the spectroscope has been applied to 
several fiEunt comets, the result being that the spectra 
of their heads were found to consist of three bright 
bands, characteristic of carbon in some form. The 
bright comet of 1874 aSoxde^ «a q^'^qt^^qs^ ^<^\k^QL 
had Dot presented itself amce \!Cl^ \x««o&ssfiL A *^ofe 
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spectroscope, but very little more was made ont in this 
case, for most of the light of the nuclens and bright 
jets in the head was spread ont into a continuons spec- 
trum (indicating probably that it is reflected sunlight) 
which almost overpowered the bright bands. The Hght 
of the tail appeared also to be chiefly reflected sunlight, 
as in the case of the zodiacal light, and there our 
knowledge of this comet appears to end. 

A connection has however in recent years been estab- 
lished between some other comets and certain groups of 
small particles called meteorites, which in their journey 
round the Sun sometimes pass through the earth's 
atmosphere with such an enormous velocity (85 miled 
a second on the average) that they are ignited by the 
friction of the air, and show themselves to us as '' falling 
stars,'* at a height of about 78 miles on the average. 
Ordinarily these falling stars are completely consumed 
in their passage through the air by the time they have 
got within about 52 nules of the earth's surface, being 
generally extremely minute bodies, probably only a few 
grains in weight ; but in some few cases considerable 
masses have fallen to the earth after the explosion of a 
large meteor. Such masses are composed largely of an 
ore of iron, and appear to be of diflerent character 
from the ordinary falling stars, which generally appear 
in streams, all the particles in any one stream moving 
in the same direction, as is shown by the fact that their 
paths all radiate from the same point of the heavens, 
which is the '< vanishing poinf of a system of parallel 
straight lines seen in perspective. Thus about April 
20 a large number of meteors are seen diverging fr6m 
a point about midway between the bright star Yega and 
a Ophiuchi ; another stream, known as the Perseids, oh 
account of theif diverging from the constellation Per- 
seus, is encountered by the earth about August 10; 
anoUier well-marked shower, radiating from y Leonis, 
and hence caJled Leonids, is met with near November 
Jj^/ and again, on November 27, corner BaDLOJ^^st ^tu^ 
diverging Jtom the region lying beVRoon "y loi^^an&A^ 
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and Cassiopeia. These are only the principal streams, 
a list of more than a hundred well ascertained groups 
having heen formed, in each of which all the members 
are travelling nearly in the same direction. 

Now all this clearly points to an external origin 
for these bodies ; and as the supposition that they 
are cinders thrown out from the lunar volcanoes 
affords no explanation of their regular recurrence, 
besides being in itself improbable, we are thrown back 
on the theory that they are really minute members 
of the solar system circulating round the Sun in 
streams. This view is supported by two facts which 
have been noted in connection with the Leonids : 
1. That remarkable displays of these meteors occur 
every 83 years, the last having been observed in 
1866 ; and 2. That the time when we pass through the 
thick of the shower gets later and later by about a day 
every 88 years.* The first circumstance might be ex- 
plained by supposing this group of meteors to revolve 
round the Sun nearly in a circle, in a little more than 
a year or a little less, so that every 88 years the earth 
caught it up, or it caught the earth up, the meeting 
point of the paths of the meteors and of the earth (which 
are somewhat inclined to each other since the meteors 
do not come in the direction of a point in the ecliptic) 
being at the place where the earth is on Nov. 14 ; or 
else by supposing the meteoric stream to circulate 
round the Sun in a long ellipse in 88 years. The 
shift of the meeting point of the paths of the earth and 
meteors by 29' corresponding to half a day in 88 years, 
enables us to decide in favour of the last supposition, 
as it is found by elaborate calculations that iixe attrac- 
tions of the planets would cause exactly such a shift of 
the line of nodes in the case of a long elHpse. Now the 
period being 88 years, the mean distance, or half the 

* Half of this lagging is due to a shift of the eqninox itself 
along the ecliptic, as wul be explained in the next chai^ter^ t\&& 
actual shift or the meeting point ol \i!ttft xaaXecst^'^iSSa. ""^oa ^aaiSsi^ 
oroit referred to the stars '^ing oii\."y ^aaSl ^ ^«^ ^n^tj ^^ ^^asA* 

Or 
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long axis of the ellipse, is fonnd by Eepler^s Third Law 
to be nearly that of Saturn, or about 10 times that of 
the earth ; but as these meteors move in a very long 
ellipse, they will, when farthest from the Son, be about 
as distant as Uranus. The direction in which they are 
moving at the time the earth meets them being known, 
their velocity can be calculated from Kepler's Second 
Law, and their path found. When this was done the 
orbit was found very closely to resemble that of the 
first comet of 1866, and a similar investigation in the 
case of the Perseids showed that they moved in the 
same path as the great comet of 1862, whilst the April 
star-shower appeared to follow the course of the first 
comet of 1861 ; but the connection between meteors 
and comets was most clearly established in the isaoe of 
the stream of November 27 and Biela's double coiuet, 
for not only was there an unusual display of meteors 
just about the time the comet was expected to be near 
us, but a comet was actually seen just afterwards in the 
southern constellation Centaurus, very near the part of 
the heavens towards which the meteor stream was 
moving, though, unfortunately, cloudy weather at Madras 
(where a telegram predicting the probable appearance 
of the comet in the track of the meteors was sent) only 
allowed the comet to be seen on two days, leaving it 
still an open question whether the two heads of Bida's 
comet were observed on the two days respectively or 
not. But however this may be, it seems almost certain 
that on the night of November 27 we passed through 
the outer part of a comet, the particles of which appearod 
as a shower of falling stars. There is one noticeable 
feature about some of the meteor streams, especially that 
of Nov. 14, viz.: — ^the large arc of their ellipse over 
which they are spread. Thus the dense part of the 
stream of the November meteors takes more than a. 
year to pass the meeting place with the earth's orbit, 
the shower of 1867 having been nearly as remarkable 
as that of 1666 ; but though the {oreTDiO^t i^^xiidLea will 
Iiare moved tbrongh a large arc 'by ^^ \^<^ ^«\Mih 
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are clear of the earth, this is in the part of the ellipse 
near the Son, whilst when the stream gets to the distant 
part, the arc passed over in a year will be so small that 
all the particles will be tolerably near together, and 
they may then form part of a moderately compact 
comet. This branch of astronomy is, however, of 
such recent growth that much is still uncertain. 

We will now give a brief account of a few of the most 
remarkable comets which have appeared in modem 
times, the records of the'ancients being too vague to be 
worth mention here. The great comet of 1680 has 
been already alluded to, as being remarkable for its near 
approach to the Sun's surface, and also for the amazing 
rapidity with which its tail was formed, extending over 
fclUy 70° in the heavens. But this comet is chiefly 
mtoorable &om its having led Newton to the conclusion 
thai these bodies move in parabolas, or in very long 
ellipses, a result which he had previously shown would 
follbw from the Sun's attraction if the velocity were 
greater than that corresponding to the same distance 
firom the Sun in an elliptic orbit. The way in which 
the velocity at the same distance from the Sun varies 
with the nature of the orbit may be readily understood 
by considering the simple case of motion in a circle, 
and supposing the velocity increased or diminished. If 
the body have a greater velocity, and therefore move 
over a certain space in less time, the Sun will not have 
polled it quite so far towards hini, so that it will have 
run off the circle as it were, describing a curve of larger 
radius, and thus we get either a long ellipse, a parabola, 
or even an hyperbola, all of which lie outside tiie circle, 
just touching it at the point where they approach most 
nearly .to the Sun. If the velocity be about If that in 
tiiexircle a parabola will be described, if less &an this 
an ellipse, and if greater an hyperbola. On the other 
hand, if the body take longer to move over a certain 
space, or have less velocity than in the circle, the Sun 
inll have pulled it further towaI9L'BlDa^i,«5A^^»^^'f^'^^^ 
fbre describe an ellipse, wlucb.t«5\a «i\»o^<bS5aa^m«^^^*^^ 

<3^a 
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circle, touching it only at the point where it is farthest 
from the Sun (see fig. page 76). Thus the November 
meteors and the comet of 1866 have, when nearest 
the Sun, a velocity greater than that of the earth, 
whose nearly circular path they just touch, and, when 
furthest, a velocity less than that of Uranus, whose orbit 
they also nearly touch, but internally. 

The comet of 1744 deserves mention from its having ex- 
hibited six tails spread out in a fan shape, in which respect 
it resembled the great comet of 1861, on June 80. It 
was a remarkably brilliant object, being as bright as 
Jupiter shortly before its perihelion passage. In 1769 
appeared a bright comet, with a tail 100^ in apparent 
length, corresponding to a real length of 40 millions of 
miles (half the interval between the earth and Sun). 
The comet of 1811 was visible for seventeen months^ 
and was accompanied by a tail more than 100 millions 
of miles long, though its apparent length never exceeded 
25°. From the length of time during which it was 
observed, the deviation from a parabola was quite 
sensible, though the period of revolution appears to be 
no less than three thousand years, the ellipse being so 
elongated that the greatest and least distances of the 
comet from the Sun are respectively 420 times and 
about equal to that of the earth ; so that the comet is 
carried to a distance fourteen times that of Neptune ; 
but this, after all, is only about 1- 500th part of 
the distance of the nearest fixed star. With regard 
to the comets previously mentioned, the observations 
are insufficient to enable us to distinguish with cer- 
tainty between their orbits and parabolas, all that 
is certain being that their ellipses must be exceedingly 
elongated. In 1819 a fine comet appeared, which passed 
over the Sun*s disc, being seen as a dark nebulous spot. 

The comet of 1843 first showed itself in the northern 

hemisphere by its tail, the head being below the horizon. 

In southern latitudes it was a most brilliant object, being 

actually seen at noon close to tho Bun on two successive 

days, with a tail several degrees m len^VXi, ^aA %S.Wt- 
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wards, when it got clear of his rays, in tlio evening 
twilight, a tail 65° in apparent length was visible, the real 
length being some 200 millions of miles, or more than 
the diameter of the earth's orbit. The orbit of this 
comet is the most remarkable known, passing within 
about 100,000 miles of the Sun's surface, but whether 
it is a parabola or an elHpse of moderate or even of 
short period cannot be determined, as the path during 
the period of observation was so little curved that it 
could hardly be distinguished from a straight line. This 
arose from our being able to observe only that portion 
of the orbit which was about 200 times as distant from 
the Sun as the perihelion was. 

The next large comet was that of 1858 (Donati's), 
which was a most beautiful object in the autumn of that 
year, with a tail like a plume, some 60° long, correspond- 
ing to a real length of more than 50 miiUons of miles. 
The head in its apparent course passed nearly centrally 
over the bright star Arcturus, but nothing peculiar was 
noticed. The most remarkable feature in this comet 
was the system of parabolic arches which formed the 
head and tail, arranged symmetrically with the nucleus 
at the focus. Its path appeared to be an ellipse of 
about 2,000 years' period, making the greatest and 
least distances from the Sun, respectively about 800 
times and fths that of the earth. 

The comet of 1861 surprised astronomers in these 
latitudes by its sudden appearance above the horizon, 
though it had been watched for some time in the southeip 
hemisphere. On June 80, when it was first seen in this 
count^, we were probably actually passing through 
the tail, which was then seen ^8 a great fan, the oiSy 
unusual appearance noticed being a phosphorescence 
in the northern sky, something like an aurora. At 
this time the head of the comet was some 14 millions oi 
miles off (nearly 60 times the Moon's distance). On 
July 2 the tail extended over 120°, reaching far i^aai tk<^ 
2emiih, but its real length -was otJL-j 4.^Ta^wcL^^\^«s^^^> 
and as the comet receded from ^Sdl^ ^-w^Qa. *^^ wg^'«2t^8S5&» 
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length rapidly diminished. For a few days this comet 
was a splendid spectacle, and the £Eins of light seen in 
the head were very fine. Its period appears to be about 
400 years, the greatest and least distaiices being resgec- 
tively 110 times and f that of the earth from the Sun. 

In August, 1862, a fine comet appeared, the head 
when brightest being nearly equal to a star of the first 
magnitude, with a tail some 25* long, accompanied by 
two secondary tails. From one side of the nudeuB very 
remarkable jets of Hght were emitted, afterwards curving 
round towards the tail, which appears to have been, 
contrary to the general rule, considerably inclined to the 
direction opposite to the Sun, and there was a lopsided 
character about this comet which presented a marked 
contrast to the symmetry of Donati^s comet. The orbit 
of this comet (which is similar to that of the August 
meteors) is an ellipse with a period of 120 years,, the 
greatest distance from the Sun being about 50 times 
that of the earth (If times that of Neptune), and. the 
least distance nearly equal to that of the earth. 

Coggia's comet of 1874 was similar to the last nipied 
comet in general appearance, and in position. in , the 
heavens. The head was remarkable for intersecting 
parabolic arches of light, which gave it a very beautiftil 
appearance in a large telescope. 

Among the periodical comets, Halley's is the most 
famous both for its size and for the regularity of its appari- 
tions at intervals of about seventy-six years ; twenty^two 
having been recorded between b.o. 12 and a.d. .1885. 
This was the first comet of which the return was pre- 
dicted, Halley having found the orbits of the cometo of 
1581, 1607, and 1682 to be very similar, from which he 
concluded tiiat they were really three apparitions of the 
same comet, which might be expected to return about 
the beginning of 1759, the period from 1607 to 1662 
being shorter than the average through the attraction of 
Jupiter. At its last appearance in 1885 the comet wias 
Jbjnomeana so striking an object as on ioimet ocQa- 
m'ojijaf, when it Med Europe witti allaxm; \>u\i\2tLQraj(gcv\\. 
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appe&rB to have lost mnch of its glory, it will doubtless 
be a conspicnouB comet at its next retom in 1910. 
Thia comet approacbes the Son withinfthfl of the earth's 
distance &om him, and recedes to a distance exceeding 
by one-aisth tbat of the planet Neptnne. 

Another very regular periodic comet is that known as 
Encke'H, of which twenty-one retoma, oorreaponding to 
twenty-eight revolutions, have been obserred since 1786, 
the period being not quite 8^ years. This is a small 




ooosia'b ofnatf, 
comet, barely visible to the naked eye even onder 
fiivonrablc circmnstanoeB, and nsttally destitute of a 
tul ; bat much interest attaches to it from the fact that 
its period has diminished by about two days since its first 
abearance, which has been supposed to afford evidence 
of the existence of a vei? rare resisting medium in apace 
which, by iliminiflTiing tho comet's velocity, would m^e it 
describe a smaller orbit with a greater anffular velocity. 
Its distance from the ami ranges liom tba.t of Mavokbtj 
to four-Miba that of JupitCT. "Si^* tsnaa^N 'S'&v*- 
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period of 6 J years, is remarkable from the circumstance 
of its orbit intersecting that of the earth, a collision 
having probably occurred in 1872, November 27, as 
already mentioned. A still more remarkable fact about 
it is that in 1846 it divided into two distinct comets, 
which separated to a distance of about three-quarters 
that of the Moon from us ; an interval which, at the next 
apparition in 1852, had increased to about six times 
the Moon's distance, with a difference in the periods of 
the two heads of fifteen days. Neither comet has been 
certainly seen since, though they were due in 1859 
and again in 1866, and if either of them caused the 
meteor shower of 1872, November 27, they must have 
been retarded six months in the interval since the last 
appearance in 1852. Biela's comet was first observed in 
1772, but has only been seen at six of its returns since 
that time. Its greatest and least distances from the Sun 
somewhat exceed those of Jupiter and Venus respectively. 
The other periodical comets are given in the list at 
the end of this work, with a few particulars about their 
orbits. It will be noticed that the greater number of 
these reach a little beyond that of Jupiter, and, further, 
the plane of the orbit is so adjusted with reference to 
the direction of its length that each comet passes very 
near Jupiter, who may therefore, by his attraction, pos- 
sibly have converted its paraboHc orbit into an ellipse of 
short period. This is what actually happened in the 
case of Lexell's comet, which was found in 1770 to be 
moving in an ellipse of 5^ years' period, through its 
having passed very close to Jupiter in 1767, and before 
it was again seen the orbit was again completely 
deranged by another and still closer approach to the same 
planet, which appears to have greatly increased the 
least distance from the Sun, carrying the comet altogether 
beyond the range of our vision, even when nearest. 
This comet approached the earth in 1770, within six 
times the distance of the Moon, without causing the 
slightest alteratjon of our coiirse, \iio\x^\i tld^ comet's 
path was much disturbed. 



THB STABS — THEIB NUMBER. 105 

CHAPTER VI. 

To the naked eye on a fine night the stars bewilder us 
by their number, making it impossible to give each of 
them a separate name, on which account the practice 
was adopted of grouping them into constellations, named 
from some fanciful resemblance to or connection with 
men or animals. In early times the stars were distin- 
guished by their position in the constellation to which 
they belonged, but afterwards, as the less conspicuous 
stars began to be observed, those in each constellation 
were distinguished by the successive letters of the G reek 
alphabet in the order of their brightness, so that a Auriga) 
would be the brightest star in the constellation Auriga, 
/3 AurigSB the next brightest, and so on, numbers being 
used when the alphabet was exhausted. For the stars 
which have been observed only in modem times it has, 
however, been found more convenient to give the name 
of some catalogue in which the star's place is given, and 
the number corresponding to the star in that catalogue, 
and thus every star that has ever been observed is dis- 
tinguished. When it is stated that there are catalogues 
which contain 100,000 stars, the necessity for careful 
nomenclature, for the smaller stars at aiiy rate, vrill be at 
once apparent. With the naked eye some 8,500 stars 
are to be seen in England, and of these only about 
2,000 at any one time ; the number thus visible in the 
whole heavens, including the southern portion, always 
below our horizon^ is about 15,000 ; but when the tele- 
scope is applied the multitude of stars is enormously 
increased with every increase in the size of telescope, 
and very soon gets quite beyond our powers of counting 
even. Every gradation of brightness is found in the 
heavens (except in the case of the very brightest stars), 
but for convenience the stars visible to the naked eye 
are roughly classed in six orders of brightness, or mag- 
nitudes as they are called, certain very bright stars, 
fifteen or twenty in number, beim%^<d2k2L<&\%£^'Q>)S&i^^sni^^ 
(though by no means exac% ecpi«X\xi\stv^P^^'^'^N ^^^^^*^ 
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these come about 60 stars of the second magnitude, 
about 120 of the third, and so on ; but though these clashes 
do very well to give an idea of a star's brightness, greater 
accuracy is in many cases required, and thns haJf mag- 
nitudes are introduced, a star of the 8^ magnitude beii^ 
intermediate in brightness between the third and fourth 
magnitudes, in delicate observations of changes in the 
brightness of certain stars, tenths, or even hundredths 
of a magnitude are used to express the relative Jbright- 
ness of tiie star as compared with those of the standard 
magnitudes, so that instead of speaking of a star 
roughly as of 8^ magnitude, we might call it 8*6, or 
perhaps more accurately 8*62. Below the sixth mag- 
nitude we have magnitudes only visible in the telescope, 
stars of any one magnitude being 2J times as bright as 
those of the magnitude below, that is, two stars of the 
eighth magnitude very close together would not be quite 
so bright as a single star of the seventh magnitude, 
whilst three would be brighter. With the first six mag- 
nitudes this relation does not hold exactly, the olassifi- 
catioh being somewhat arbitrary ; indeed di£forent 
observers have varied considerably in their' scale, 
though agreeing pretty well in the two extremes, and 
making 100 si^ magnitude stars equal in brightness 
to an average first magnitude, a relation which agrees 
exactly with the scale of 2^ for each magnitude. 

We shall now endeavour, with the help of the Key 
Map (Frontispiece),* to enable the reader to recognise 

* This map represents part of the imaginary sphere of the 

heavens as it would be seen on a moonlight night (when the 

brighter stars only are visible), from a point at a custanoe of half 

the radius beyond the south pole of the sphere, stars below tibe 

fourth magnitude being omitted. The southern constellations, such 

as Scorpio, Sagittarius, &c., are necessarily much distorted, it bc^big 

impossible to represent properly a spherical surface on a shecsb <S 

paper. The principal stars are custinffuished by letters of tiie QxQ^ 

alphabet, and the constellation to which any star belongs win be 

found on that side on which the letter is placed. The bottom, 1^ 

hand, top, and right hand, correspond respectively to the soauiem 

part of the heavens at 10 P.H. m spring, summer, autmnn, fun^ 

w&ieSr, the opposite side being in eiuoh case >qi^ow ^<& xMsiAihshi. 

JboriBaa, wJuob paoBCs at a distaSoe ot 51^^ tiom^'&'So^&lox'UsDaiau 
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tiie most conspicnons stars, in which he will be mnch 
assisted by the grouping into constellations, conven- 
tional though it is. In the first chapter mention was 
made of the Pole Star ; but this star is not very con- 
spicuous, and we did not point out how to find it readily* 
On any fine night if we turn to the north (so as to have 
our back to the Sun at noonday) we shall see sev^ 
bright stars forming the constellation of Ursa Msjor (the 
Great Bear) — ^which will be found below the centre of the 
Map and a little to the lefb — ^the two right hand stars of 
which point pretty nearly to the Pole Star (at about six 
times the distance between them), and are therefore called 
the Pointers. In winter in the evening these stars are 
below the Pole and low down in the nori£, but in summer 
they are above the Pole and nearly overhead. As already 
explained the stars preserve the same positions among 
themselves, swinging as a whole round the Pole, and 
thus the seven stars of the Great Bear will be readily 
recognised, by the form of , the constellation, however, it 
be tur^ed with respect to ^ufl. The Pole Star, found 
in ads way, w;l11 be se^ to iarm part of a somewhat 
aunilar though smaller constellation of seven stars, hence 
celled Ursa Minor,, or the Little Bear, which. never 
alters its height much, swinging round the tip of its tail 
(the Pole Star). A line carried from the Great Bear's 
tail through the Pole Star, and as far again beyond, ;will 
strike, a conspicuous group of five principal stars, 
axranged something like the letter W, which is known as 
the constellation Cassiopea, and forms a convenient land- 
mark in the heavens. It wiU be understood that in this 
and other constellations only the principal staJTS .are 
alluded to, though there are a lai^e number of smaller 
sta^ visible, to the naked eye, whilst the telescope 
reveals almost countless multitudes. Carrying a line 
froi]aL..th& JPole through the most westerly of the stars^iu 
Cassiopea, and as far beyond, we come upon a largjd sqttare 
formed by four bright stars, thr^e of which are in the con- 
stellation Pegasus, whilst .the, fo\3Jctli>ox \xQPs:tt^H^^'^»3fc5>^ 
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is about 15° in length, or nearly three times the distance 
between the Pointers, which are a little over 6° apart. 
The other two conspicuous stars in Andromeda, fi and y, 
form a sort of tail to the north-east of the square, and 
still further eastward is the consellation Perseus. A line 
through the two westernmost stars of Cassiopea, /3 and 
Oy will strike y AndromedsB, and about as far beyond will 
pass a little west of the Pleiades, a cluster of stars of 
which seven are ordinarily visible to the naked eye 
(though several more may be seen on a very fine night), 
whilst nearly 15° further is a Y-shaped cluster, called the 
Hyades, having a first magnitude star, Aldebaran, at one 
tip. Both these clusters belong to Taurus, the Bull, which 
is one of the constellations of the Zodiac, or belt of the 
heavens, extending 8° on either side of the ecliptic, 
and including the paths of all the principal planets, 
which are never far &om the ecliptic. The Zodiac is 
divided into twelve constellations, each occupying about 
BO* — ^Aries, Taurus, Gemini, Cancer, Leo, Virgo, Libra, 
Scorpio, Sagittarius, Capricomus, Aquarius, Pisces — 
the order given being ijiat in which the Sun passes 
through them, or from west to east. Aries has two 
bright stars, a and j8, 4° apart, and nearly midway 
between the Pleiades and Pegasus ; in Gemini are two 
first magnitude stars. Castor and Pollux, north of the 
ecliptic, about 60° nearly due east of the Pleiades ; 
Cancer is not a conspicuous constellation, but Leo will 
be recognised at once by six stars in the shape of a 
sickle^ tiie first magnitude star Begulus forming the 
handle, 40° south-east of Castor and Pollux. Virgo 
contains one first magnitude star, Spica (the ear of 
com), 10° south of the equator and more than 50° from 
Begulus. The remaining constellations in the Zodiac 
are not conspicuous, though Scorpio has several bright 
stars, including one of the first magnitude, Antares, but 
this constellation is too low in these latitudes to be well 
seen. It will be remarked that several of the brightest 
siars referred to above have names oi \ke\x o^n inde- 
pendent of the constellation they «ie m. 'SVaaSa^^wSaR 



. NORTHERN CONSTELLATIONS. 109 

of the old practice of naming, or rather describing, the 
individual stars, the words being generally corruptions 
of the names given by the Arabian astronomers to 
define the position of a particular star in the constella- 
tion, and these are still retained, though the star is also 
known by its proper Greek letter, coupled with the name 
of the constellation; thus Antares is also called a 
Scorpii, Aldebaran, a Tauri, and so in other cases. 

Among the constellations north of the Zodiac, Bootes 
is distinguished by the brightest star of the northern 
hemisphere, Arcturus, which is nearly pointed to by the 
last two stars of the Great Bear's tail ; 20*^ north-east 
of Arcturus is the constellation of the Northern Crown 
(Corona), composed of a tolerably perfect wreath of 
stars. A line from the tip of the Great Bear's tail 
through the Crown, and carried as far beyond, will 
strike two stars 5° apart, a Herculis of the third mag- 
nitude, and a Ophiuchi of the second, the other stars 
of the constellation Hercules lying to the north of these 
two, and therefore east of Corona, whilst those of 
Ophiuchus lie to the south. Still further east of the 
Crown is the very bright first magnitude star, Vega or 
a LyrsB, which with a small star near forms a sort of 
pendent to a lozenge of four stars, and is to be seen 
not far south of the zenith in the autumn evenings. 
In the direction of the lozenge (i.e., south-east) lie 
three bright stars, some 8° apart, forming a line point- 
ing to Vega, which is 85^ distant ; these stars are y, a, 
and jS AquilflB, and will easily be identified by their ap- 
pearance. The southern side of the square in Pegasus 
also points to them at a distance of three times its 
length, passing just north of the bright star e Pegasi on 
the way. The north-west diagonal of the same square • 
will strike (at nearly twice the distance beyond) a Cygni, 
the lucida of a constellation formed by a zigzag lino of 
bright stars running N.W. and S.E., and representing 
tho wings of a swan flying, while the outstretched head 
is shown by a third magiii\,\xd^ ^Xiswc, ^ ^^^v^^'ccs.^'^^^ 
to the 8.W. Continuing our coxxx^Ck ^^'^Hr^'sct^^^ 5^\a 
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Pegasus and Andromeda, already noticed, then we have 
Perseus, in which there are two bright stars, Algenib 
and Algol (a and fi Persei), of which &e former is on a 
line through /3 and y AndromedsB, and thus forms the 
tip of the tail to the square of Pegasus, whilst p Persei 
forms the apex of an obtuse angled triangle with y An- 
dromedaa and a Persei. A line from the square of 
Pegasus through y Andromedas leads to one of the 
brightest northern stars, Capella (a Aurigm), with /3 An- 
rigSB a little to the east, between which and Bootes there 
are no very conspicuous stars. Of the southern oon-^ 
Stellations visible in these latitudes, by far the most 
striking is Qrion, which is on the meridian about ten iii' 
the evening in the month of January, lyiz^ in the 
direction of a line from the Pleiades Uirough thoHy- 
ades, but there can be no difficulty in identifying this 
magnificent assemblage of stars, the most beauiafhl 
feature in the winter sky. Four bright stars forming -a 
quadrangle represent the shoulders and legs of OrioB^ 
Betelgeuse and Bigel (a and fi Ononis) at the N.E. and 
S.W. comers respectively, being both of the first mag- 
nitude ; the head is indicated by a small triangle of staiB, 
and three second magnitude stars in a diagonal line ia: 
the middle of the figure form the belt, which has a 
^ger of three other stars hangmg from it. The line 
of Orion's belt points to the brightest star in the whde 
heavens, Sirius, or the Dog Star (a Canis Majoris), 
though it is too low in these latitudes to be seen in 
its Ml splendour, which is something like nine times 
that of Vega. Another very bright siu:, though mudi 
inferior to Sirius, remains to be noticed, Prooyon, or 
a Canis Minoris, which, with its companion /3 Canis 
Mmoris, is found by carrying a line from ike Bole 
through Castor and Pollux nearly as far as the equ&iotf 
where it will be picked up some 25° east of Betelgeuse. 
In all that precedes we have followed the constella- 
^ons in an eastward direction, taking them as they 
sneceasiyelj came to the meridian, W^ i\i xclu«\» u^q^^^ 
^ugrottea thai only a portion o£ tiie luewvexi^ c«a\>^ ^3»a^ 
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at once on any one night, however long we watch ; for at 
any particular season of the year many of the constella- 
tions will be above the horizon only in the daytime, 
and will, therefore, be invisible to the unassisted eye. 
It will be nseftd, however, to indicate roughly the prin- 
cipal constellations which will be on or near the men- 
dmn at the four seasons of the year about ten o'clock 
in the evening ; if the appearance of the heavens be 
required for any other hour, it is only necessary to 
reckon every two hours later in the time we take, as 
equivalent to taking the positions of the stars for ten 
o'clock a month later, and conversely for the earlier 
hours of the evening — ^thus the positions at midnight in 
December will be tibe same as those at ten o'clock in 
Jaimaiy, whilst the appearance of the heavens at six 
o^dock will be the same as at ten o'clock in October. 
Taking ten o'clock in the evening then as our time of 
observation, we shall have in spring, Begulus on the 
meridian, Ursa Major directly overhead, the Pleiades 
and Hyades, Orion and Sirius settmg, Capella high up 
in the west, and Arcturus with the Crown in the east ; at 
midsummer the Crown is on the meridian, with Arcturus 
a little west of it, and Begulus setting, while Yega, 
Aquila, and Cygnus are in the east, and Ursa Major in 
the north-west ; in autumn, Pegasus is near the meri- 
diauy Vega and Aquila west of it, and Arcturus with the 
Crown setting, whilst in the east we have Perseus and 
Capella, with the Pleiades and Hyades rising ; at mid* 
winter the latter are on the meridian with Orion and 
Sirius in the south-east, Pegasus in the west, Cygnus 
low down in the north-west, with Cassiopeia higher up ; 
Capella is nearly overhead, and in the east are Castor 
and Pollux, Begulus (rising), and further north Ursa 
Migor. These are only rough indications, but, with what 
has been given before, they will be sufficient to enable 
any one to identify the principal constellations, in fact 
for this purpose it will be enough to remember that 
about ten o'dock we have on \>\i^ xsii^f^^^dSL^^SL ^s^^c:sik%N 
JSeffolns with its sickle oi «\»«t^% ^^ ^oa^sssssssasst' 
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Arcturus and the Crown; in autumn, the square of 
Pegasus ; and in winter, the Pleiades and Hyades, all 
at about the position of the Sun at noon in summer. 

There is one conspicuous object, the Milky Way, which 
adds greatly to the beauty of the heavens on a moonless 
night, especially in autumn. This belt of nebulous light 
forms an irregular zone with many patches and off- 
shoots, but in the main coinciding with a great oirde 
through the solstices inclined about 60^ to iJie eqiialiHr*^ 
With the telescope this bright band is found to coniiii 
of a vast multitude of stars too faint to be individBii%. 
perceived by the naked eye, and in some cases so ctotfa 
together that a powerful telescope is required to ahow 
the separate stars. 

Such aggregations of stars are called clusteni^ and 
are found of every degree of condensation, but gendn 
rally circular in form, if the more scattered onei'to 
excluded. Many of them are most beautiful objeiBll 
even in small telescopes, but powerful instnunanlt 
are required to show the more compact cfaiBteis 
in all their glory. Among the coarser clusters fbt 
PrsBsepe in Cancer (nearly equi-distant from Outdiv 
Procyon, and Eegulus), and one in Perseiui a| 
about a third of the distance from d Cassiope» to. 
a Persei, are visible to the naked eye as small nebuloni 
objects, which have been occasionally mistaken tei 
comets by beginners. As we pass to clusters sum 
and more compact, we get by insensible stages to fho 
nebulae, which are for the most part nothing but dlifl- 
ters, which can only be resolved into stars by the most 
powerful instruments of modem times. When fint 
attention was directed to the subject, it was thou|^ 
there was a difference in kind between the clusters and 
the nebulae, but as more and more powerful instrumente 
were made, and nebulae previously held to be irresoly- 
ablo were separated into their component stars, this 
idea was gradually abandoned, and the distinction 
between clusters and most iiebu\tj& \)^e.«iXii<^ only one 
of degree. Bui there wexo a ievi nOc^xi^a^ "v^VaOo. «!qS^ 
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defied even ihe moat powerfol tolesoopes, and the qnes-' 
tion of the couatitatios of theae objecta wae left to be 
Battled by the apectroacope, which revealed a Bpectnuu 
consiating of three bri^t lines. Now in the third 




ecm OLtrBTSB ahd nbdula 



chapter we have abeady eaplained that a speotnim of 
that kind indioatea glowing gaa whilst a heated solid 
jdna riae to a contmuona spectnim aa m the caaa a£ 
Se Snn, of stars, and of file OTamaaTiVaS^'" 'T''^^ 
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be masses of glowing gas, though what that gas is 
remains an open question. 

Two of the nebulae can be seen by the unassisted 
eye, one being in the middle of Orion's dagger, where 
it looks like a blurred star, and the other about a third 
of the distance from /3 Andromedsa to /3 CassiopesB. 
The former of these, which from its spectrum appears 
to be gaseous, is an irregular shaped mass, without any 
decided boundary, in the midst of which is a pretty 
bright multiple star, with others scattered about ; whilst 
the nebula in Andromeda, giving a continuous spec- 
trum, is on the contrary of pretty definite shape, pre- 
senting the appearance of a long oval, increasing con- 
siderably in brightness towards the centre. This 
nebula, however, has not yet been resolved into stars, 
though the spectroscope indicates that it is not com- 
posed of gas, unless indeed it be in a very dense state. 
On the other hand another nebula, which shows the 
bright Hues due to glowing gas, has been resolved into 
minute points of light, which, however, must be some- 
thing different from stars in their ordinary state. 
This nebula midway between /3 and y LyrsB is ring- 
shaped, and one of the most extraordinary objects in 
the heavens even with a moderate telescope ; it is one 
of a very small class, the elliptical nebulsB being far 
more common. The planetary nebulsa form another 
remarkable class, presenting round uniform discs like 
those of planets, and giving the spectrum of glowing 
gas ; allied to these are the nebulous stars wluch are 
occasionally met with. There are also the strange 
spiral nebrdse, or rather clusters, of which one near the 
tip of the Great Bear*s tail is the finest example ; but 
perhaps the most remarkable objects are the double 
nebulae, the finest of which is the *^ Dumb-bell" nebula 
in Yulpecula, composed of two oval masses of incan- 
descent gas in contact. Altogether more than 5,000 
cJuBterB and nebulsB have been observed, though the 
vast majority of them are "beyond t\iek xe^w^ oi cst^ca^ao^ 
lOBtimnents, The clusters are «k^moft\. eiL\la^^ t>^x&xA\ 
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to the Milky Way, whilst the nebulaB appear to avoid 
this zone, being especially collected in the constellation 
Coma Berenices and the adjacent parts of Yirgo in 
the Northern hemisphere, and in the two Magellanic 
clouds in the Southern. 

The systems of stars which form the clusters and 
resolvable nebulsB are found in every stage of conden- 
sation, passing from groups like the Pleiades through 
the globular clusters and oval nebulas to masses of 
stars like the spiral nebuldB and others of less 
regular shape ; but there seems to be a break when 
we get to the gaseous nebulsB, which is to a certain 
extent explained by Laplace's Nebular Theory. On 
this hypothesis the solar system was originally a 
gaseous nebula rotating about its centre, which in the 
process of condensation assumed something of a spiral 
structure, each whorl of the spiral forming a sort of 
ring, which attracted the matter in its neighbourhood, 
and gradually condensing broke up into several por- 
tions. These ultimately coalesced under the influence 
of their mutual attractions and formed a planet rotating 
about its axis in the same direction as that of the 
nebula, since the gas which came from outside the 
ring would have a greater velocity eastward, and that 
from inside a less velocity eastward — ^which, as compared 
with that of the ring, would be equivalent to a relative 
velocity westward ; so that as referred to the centre of 
the planet the outer particles would be moving east- 
ward and the inner westward, which is in fact a rotation 
from west to east. The greatest condensation would 
take place at the centre, where a large central sun 
would be formed which would attract to itself nearly 
all the matter in its neighbourhood, so that only small 
planets would be formed near it. Nearer the boundary 
of the nebula the attraction of the central sun would be 
less felt, and the planets formed there would be able to 
attract to themselves more of tViei xi^X^rciSssviss* xsasi^yst^ 
becoming themselves centres ot smsJXet tl^xj^^ik. ^'^^sssa^^ 
^om which the satellites ^o\A3l >d^ te^Dafc\^5^'^^ ^^«»^ 
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way as the planets in the large nebula, circling in the 
same direction round a large central planet, such as 
Jupiter or Saturn. The sphere of attraction of the 
larger planet being greater, the intervals between the 
orbits would increase with increasing distance finom the 
Sun, and this would be exaggerated by the decreasing 
density of the nebula as we proceed outwards. . 

Though this is only an hypothesis, changes in the 
solar system of this nature requiring countless ag^ for 
their working out, and being therefore beyond the 
reach of any known methods of observation, it appears 
highly probable, from what is known of tiie ;sodiacal 
light, that our Sun is really a nebulous star^ while the 
connection between comets and meteors serves to :8how 
that phosphorescent gas may readily pass into the form 
of minute bodies, which are no smaller in proportion to 
the minor planets than those are as compared with 
such bodies as Jupiter or Saturn. But thoi^h we 
cannot detect any changes going on in the Solar 
system, or up to the present time in any of the 
nebul8B which are supposed to represent its primitive 
condition, we find changes in going from on^e nebula 
to another, which correspond well with what may be 
supposed to be taking place in any particular nebula in 
the course of milHons of years. Thus there are gaseous 
nebulsB of various forms, some of them to all appear- 
ance physically connected with stars ; there are resolv- 
able nebulaB composed of very minute stars, and there 
are clusters of larger stars in which the process of coo- 
densation appears to have been carried a step farther, 
whilst the spectroscope reveals to us stars which seem 
to be in a transition state, their light being derivad 
from glowing gas, though m this case it is hydrogen, 
not the unknown substance of the true nebulte. .But 
we must not push the analogy between our system vid 
the nebulaB and clusters too far, for there, are points of 
difference, and it would seem moie -^xoboible diat oaiB 
is only a secondary Bystom^ iorcDi2a% ^"m^ 5^>.:! 
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This much, howeyer, is tolerably certain, that onr 
San is really one of the stars, and that the earth and 
other planets would be all but invisible even from 
the nearest of them, careful observations showing that 
the earth's orbit at that distance is apparently less 
than 2' across. K, then, we view the star from 
opposite points of the earth's path, there will be this 
small sh^ of 2', and this is our only means of 
finding the star's distance, for clearly any parallax 
from different stations on the earth will be quite insen- 
sible. It is not necessary that the two observations at 
opposite parts of the earth's orbit should be made at 
the same time, which would evidently be impracticable, 
but it is sufficient to determine very carefully the star's 
position, and then to wait six months, when the earth's 
motion will carry us to the other side of her orbit ; the 
shift of a star caused by this motion of the earth in her 
orbit is called annual parallax, representing the dif- 
ference between the positions of the star as seen from 
the Sun and earth, and may be determined in two 
ways : — 1. By measures of absolute right ascension 
and declination ; 2. By measures of angular distance 
from neighbouring stars. The first method is liable 
to errors as large as the quantity we are seeking, but 
it has been applied with success to the bright Southern 
Star a Centauri, giving an annual parallax of 1" — 
the largest yet found — the whole shifb for opposite 
parts of the earth's orbit being 2", corresponding to a 
distance 200,000 times that of the Sun, or about 7,000 
times that of Neptune. The only satisfactory way of 
expressing this enormous interval, which separates us 
from the nearest fixed star, is by a reference to the 
velocity of light, which, travelling at the rate of 186,000 
miles ia a second, takes 8-^ years to reach us, having 
passed Neptune only 4 hours before. Thus in looking 
at this star we only see its state 3^ years ago, and this, 
be it remembered, is the nearest fixed star! The 
second method may be com^«x«^\A ^^ ^<eS^jssc:a£:&s&£s^ 
of the distance of Yenxia \)^ m<^«xv^ o\ \i<st NssacK^ ^*s5s 



118 
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the San, the relative shift being measured ; but in that 
case we know the relative distances, whilst with the 
stars all we can do is to select such stars for reference 
as we consider to be probably at a far greater distance 
than the star in question. Thus if two stars be nearly 
in a line, but one of them far behind the other, they will 
be seen apparently close together, and a shift in onr 
position will alter the apparent distance between them, 
bringing them more nearly in a line or throwing them 
further out. In any case, if such a shift be found, we 
know that the earth's orbit must appear of at least this 
size as seen from the star which is shifted, so that the 
distance cannot be more than would correspond to this, 
and may be considerably less. The following list gives 
the parallax of the stars in which any shift has been 
observed, together with the magnitude of the star, from 
which it will be seen that the brightest stars are by no 
means the nearest to us in all cases : — 



First Method. 



a Centauri 

/3 Centauri 

Procyon 

Arcturus 

Groombridge 1880 



Second Method. 



eiCy^i 

1} Cassiopeas , 

Lalande 21258 .... 

Oeltzen 17415 

Ve^ 

Sinus 

70 Ophiuchi 

Pomris 

Groombridge 1830 



Mag. 



1 
1 
1 
1 
6i 



5i 

4 

I' 

1 
1 

2 
6i 



Absolute 
Pakallax. 



JOURNBY 

OF Light in 
Years. 



0-9 
0-5 
0-2 
0-2 
1-0 (?) 



Relative 
Parallax. 



0-4 

0-4 

0-25 

0-25 

0-2 

0-2 

0-2 

0-1 



H 
16 

16 

3i(?) 



\ 



8 

8 
13 
13 
16 
16 
16 
32 
82(?) 
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In the case of the smaller parallaxes the results are 
very uncertam ; and this is especially so with Groom- 
bridge 1830, for which a negative parallax relatively to 
one star in its neighbourhood has been found, indicating 
that the star in question is nearer to us than Groom- 
bridge 1830 — ^but not much confidence is to be placed 
in this result. 

It may seem strange that some of the small stars 
given above should have been selected for observation, 
but attention was called to them by the discovery 
that they were moving among the other stars at a 
rate which, though very small, was far greater than 
that of most other stars, from which it was concluded 
that they were probably much nearer to us. This state- 
ment may startle a reader who is used to the phrase 
fixed stars, but really the motion is so small that very 
accurate observations, separated by a long interval, are 
required to detect it, and the term fixed may still be ap- 
plied to the stars in contradistinction to such bodies as 
the planets. The largest proper motion found among the 
Northern stars is that of Groombridge 1830, and this is 
only T a year, at which rate it would make a complete 
tour of the heavens in 180,000 years if its motion con- 
tinued uniform ; the double star 61 Cygni has a proper 
motion of 5'' a year, and many other stars have shown 
smaller, though still sensible motions, there being appa- 
rently every variety of motion, as there is every gradation 
of brightness. As, in the case of 61 Cygni, the radius 
of the earth's orbit at the distance of that star is 0"*4, 
the star must annually move over about 12 times the 
distance of the Sun from us, from which it follows that 
it is moving with four times the earth's velocity, or at 
the rate of about 70 miles a second. So many of the 
stars appear to have motions of their own, that it seems 
natural to suppose that our Sun too may be in motion, 
carrying our earth and all the planets with him, one 
consequence of which would be to make all the stars 
appear to move in the oppoBita d\tec^\o\i% ^s^LSiKss^^isst- 
nisbea a ready test of tho b\xi9^o«»\\aou, iort *^ ^^ ^^^ 
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liecessary to see whether there is any gelieral driA of 
the stars which conld be aceonnted for by a motion of 
the Sun the opposite way. Over 2,000 stars have been 
examined, and in the midst of much variety (as was to 
have been expected) there is found a general prepon-* 
derance of motions away from the constellation Hercules, 
towards which the Son, therefore, appears to be moving. 
Although most of the stars move, as nearly as we can 
tell, umformly in the same direction from year to year, 
there are a few exceptions, the most remarkable being 
Birius, which is found to describe an ellipse about a 
point at a mean apparent distance of 2^^ in something 
like 50 years, and Procyon, which revolves in 40 years 
nearly in a circle, having an apparent radius of I''. Such 
a motion would result from the attraction of another 
body, and in accordance with this supposition a small 
star has been found some 10" off, which revolves round 
Sirius somewhat as the Moon does round the earth 
(but at a distance greater than that of Neptune from 
the Sun), whilst Sirius describes in space an ellipse 
about the centre of gravity of the two. As the distance 
of these two is greater than that of Neptune from the 
Sun, whilst their year is much less, the attracting force 
between them must be much greater, and by reasoning 
similar to that used in finding the Sun's mass in terms 
of that of the earth (Chapter IV.), it follows that the 
attracting masses must be some 18 times that of the 
Sun and Neptune (the latter of which is comparatively 
small), and the centre of gravity being twice as far from 
the companion as from Sirius, the mass of the latter 
must be about twice as great, or some 12 times that of 
the Sun. This can only be looked upon as a rough 
approximation, the numbers being extremely uncertain. 
In the case of Procyon a similar companion star has 
been detected, which may prove to be the disturbing 
body. 

The two stars above-mentioned are rather peculiar 
examples of a very numerous daaa — ^&V«t% T^-^obnng 
»bont eaeb other. In a poNverfol \*S^«ftco^ ^ "Vw^ 
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namber-of stars which ore apparent!; single to the 
nalud eye ore seen to be composed of two, and some- 
times three or more stars Tery close togetlier, a snffi- 
oiectly remarkable circumstance considering bc)w thinly 
the bright stars are scattered ; and the interest in these 
objects has been enhanced by the discovery that in 
many cases each star U. reTolTing ronnd the other, 
forming what is called a binary system. From obseirva- 
tions of the apparent direction of one star ot snch a 
HyBt«m ralatively to the other, combined with measnres 
of the apparent distance between them, extending over 
many years, the paths of a good many have been deter- 
mined ; some of these are given in the following list, 
with the magnitiides of the two stars, their least and 
greatest distance apart, and the period in years : — ; 



i Herculia.... 

1] Coronte 

i Cancri 

Procyon 

i UreiB Majoi 
a Centanrl .... 
TU Ophioobi . 

i Ojgni 

1, CiiasIopetD. 
y TirginiB .... 

Cwtor 

HlCygni 



Pbhiod I 



. TeUowMi and orangs. 

VOiite and goldan. 
I {Triple; all white. 
I White. 
I White. 
I White, 

Yellow and violet, 

YellDw and sea green. 

Doubtful, 

White and pale yellow. 

White. 

Yellow. 

Doubtful, 

White, 

Yellow aad ruddy. 



The parallax of some of the above stars has been 
determined, from which, as in the case of Sunna., "^^ 
combined mass of ttie two A«2ft oS. a ^i«v*«K£n,^ea». 
been fonad to be J of tho Smia -mNW-. **■ ^^ ^"^'®^ 
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about % ; and of 70 Ophiachi about 8 iimoB that of the 
Sun. (' and c'Lyrro form a double binarfBystom, viable 
to the naked eye, nnder exceptionable circumatanoes, 
aa a very close double star near Yega, forming part (J 
tiie pendent to the lozenge of Lyra, and C Concri is a 
ternary ejetam. 

Besides the binary stars, there are others between 
which a physical connection has not yet been estab- 
liahed, and which may therefore pombly be composed 
of two stars only opUcaUy double, one star being nearly 
in a line with the other, bnt much further off. Some 
of these are most interesting objects itom the beantifiil 
contrast of colours in the two stws. The following 
may be selacted as worth notice : — 



BriB. 


",';Z'." 


!>„..». 




00.0... 


;»!;::■: 


3 7 


ai- 






aisi 




Double 




^'Bofitia 










Polarie 




ls „ 


Donble 


Yellow and blmali. 










Yellow BUd sea graen. 




46,6I),7( 


Qaadr. 


White. 


ff Orionia 


i,8,7 


12,42 







From the evidence of the spectroscope it appears 
probable that difTerence of colour in Uie stars cor- 
responds in a general way to a difference of conditjon, 
tiie stars being divided broadly into three classes. 

1. White stars, like Yega, at a very high tempetft- 
ture, and exhibiting a eontinaous spectrum with Yery 
fine absorption lines. 

2, Yellow stars (like onr San, Arctums, Betelgense) 
at a lower temperatnre, showing strong absorption limes 
in a continuous spectrum. 

8. Bed stars, in which the temperature is so low 
that combination of the elements in their atmosphere 
takea place, and componnd mo\ec\)leB sie tonned, 
Bbowiog a spectrum with broad abaotgUoutanaa. 
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In some of the stars of the iirsi and second classes 
the lines of hydrogen appear bright in the spectrum, 
indicating a huge conflagration of this gas, whilst with 
other stars, like our Sun, the hydrogen is at a lower 
temperature, and absorbs more light from the pho- 
tosphere than it emits, causing dark lines in the 
spectrum. To such conflagrations the appearance of 
temporary stars, such as were seen in 1572, 1604, 
1670, 1848, and 1866, appears to be due. On all these 
occasions bright stars burst suddenly on the yiew, 
and after a short time disappeared more or less com- 
pletely. Thus in 1866 a telescopic star in Corona sud- 
denly appeared of the second magnitude^ fading away 
in 12 days to the 8th or 9th magnitude ; and the star 
of 1572 was even more remarkable, at one time sur- 
passing Jupiter in brightness. 

The temporary stars are only extreme instances 
of a much wider class, the variable stars, in which 
are found changes of all kinds, extending over periods 
which range from nearly three days to an indefinite 
length, the variations of brightness recurring in some 
cases with the greatest regularity, whilst in others 
the changes seem to follow no definite law. Among 
the former are /3 Persei (Algol), which is ordinarily 
of the second magnitude, but at intervals of 2 days 
21 hours diminishes to the fourth magnitude, and 
increases again to the second, all within the space 
of li hours, X Tauri, which changes from 8^ to 4 
magnitude in 4 days, d Cephei from 8|- to 5 magni- 
tude in 5^ days, and /3 LyraB fluctuating between 8^ 
and 4^ magnitude twice in 12 days 21 hours. The 
star o Ceti (known as Mira) goes tibrough its changes 
in about 11 months, but is very irregular as regards 
their extent, which sometimes ranges from brighter 
than the second magnitude to below the twelfth. The 
Southern star ij Argus is another remarkable variable, 
changing from first to sixth magnitude in an irregular 
period; a Orionis, a Herculis, a K-^^^k, ^ "^^^>sss.^ 
7 Fegasi, and a Cassiope©, ate «Xao Yct^^^K^^'^fiEss^^'^ 
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sometimes to the extent of half a magnitude or more, 
BsA many less conspienons stars have been noted as 
variable. Nearly all these stars are orange or red, 
andM^anges in colour have in several cases -been 
suspected, which would seem to show a change of 
temperature as they passed from a red to Sr white heat. 
Sotne of the double stars too are thought to hi^e 
changed colour, but accurate observations on thia point 
are yet wanting, the eye alone being ^uite untrustworthy 
for absolute determinations of colour. 

We saw that, when observations made at wide in- 
tervals came to be compared^ many of the so-called 
fixed stars were found td be really in motion ; but this 
is not the only startling result. The Pole of the 
heavens is also found to be moving among the stars, 
very slowly, it is true, but still quite perceptibly. It 
will be remembered that all right ascensions and longi- 
tudes of stars, are measured from the point where 
the Sun crosses the equator, so that if the point 
shifts, the right ascensions and longitudes of all ol^ects 
will be altered, and tiiis is found actually to be the 
case, the longitudes of all stars increasing at the rate 
of about 50" a year on account of a shift westward of 
the equator along the ecliptic, which is known as the 
precession of the equinoxes. A clearer idea of this 
motion will be gained by considering the pole instead of 
the equator, which of course always moves with it. 
The polo- of the heavens, then, is found to be at any 
instant describing a very small arc of a circle about tho 
pole of the ecliptic (which has itself a very small motion) 
at a rate which would carry it completely round in a 
circle of about 28^^ radius in some 26,000 years. Now 
the pole of the heavens is notiiing but the direction of 
the earth's axis, which it appears has not really a £zed 
direction in space, though in explaining the phenomena 
of the seasons it was unnecessary to take acconitt of 
ifiieb a very small motion. Instead, then, of the eaarth's 
taUffpoinimg always exaxstl^ in tlie ^^me directioB^ it is 
direlmg toxmd like a top, and &om ^ome^\\sX»^^,4ii3«i^ 



oanse. The Sun and Moon pnll the near pdjrt of the 
earth's equator (which bulges out) more than the other 
part ^as in the case of the tides) ; but as the ea^th Is 
spinning rapidly, the effect of this is not to bring the 
equator into the direction of the Sun and Moon, i,e,f the 
eoliptio^ but to make the earth's axis circle round the 
axis of the ecliptic, just as a gyroscope top hanging by 
a string on one side keeps a horizontal position^ its 
axis turning routid horizontally so long as it is spinning 
rapidly^ though the attniction of gravity makes it hang 
st^ght down when at rest^ This analogy will remdve 
the difficuky of conceiving how such a seemingly para- 
doxieal result could follow. In the case of the top, 
its, weight tends to n^e it ti;m about a horizoni»l 
axis at right angles to its own (just as a hinged < Sap 
would in falling)* and the combination of this withits 
own notation causes it to turn about an axis between 
^6. two, thus makiaUg the axis, about which, the jtop 
spins, move continually forward ; fox: there i^ at evaiy 
instant a tendency (in consequence of the action pf 
gravity) to turn about an axis a little in advance of the 
actual axis. Similarly the Sun and Moon tend to turn 
the earth about the intersection of the equator with 
the ecliptic as an axis, which, combining with the actual 
rotation, makes the earth spin about an axis a little 
towards the autumnal equinox, so that the pole of the 
heavens (being the direction of the earth's axis) moves 
a littie towards the autumnal equinox, thus describing 
a very small arc of a circle about the pole of the 
ecliptic. Besides this regular recession, the earth's 
axis has a wabbling motion depending on the inclina- 
tion of the Moon's orbit, causing the pole of the heavens 
to move really in a wavy line, each wave extending 
over nineteen years (lunar nutation); and there are 
other irregularities modifying slightiy, though not de- 
stroying, Uie regular precession, which has carried the 
equinoxes through 80^ along the ecli^tifi ems/^ ^b& %£^ 
catalogue of BtaxB fonned V>y "HiY&wt^^^a \a. i^^c^* Vfivi> 
mcreasiDg the lon^tudea ol «ai «tet^\>l *^5c^ «»ssas&*. 



12^ SIGNS AND (X)NSTELLATIONS OF THE ZODIAC. 

This has introduced some confusion between the con- 
stellations andl the signs of the zodiac, as the twelve 
parts into which it is divided, are called. In the time 
of Hipparchus the vernal equinox corresponded to the 
commencement of the constellation Aries (reckoning 
from the west), and was hence called the first point of 
Aries, whilst the autumnal equinox was the first point of 
libra) and the summer and winter solstices were in Cancer 
and Capricorn respectively ; but though the equinoxes 
have now moved to the constellations Pisces and Virgo, 
it is convenient to retain the old terms, and thus a dis- 
tinction has arisen between the constellations and the 
signs of the zodiac, the former preserving their posi- 
tions among the stars, whilst the latter shift with the 
equinoxes, ^e sign Aries being now in the constella- 
tion Pisces, the sign Taurus in Aries, and so on. The 
practice, however, of referring the positions of the sun 
and planets to the signs af the zodiac has died out with 
the increase in the accuracy of observations, as the 
rough correspondence between the twelve signs and the 
twelve months of the year is no longer close enough 
even for the purposes- of ordinary life. 
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